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CLAIMS 



(57) [Claim(s)] 

[Claim 1 ] The gas inlet for introducing the gas containing gaseous pollutants, such as nitrogen oxides and a sulfur oxide, which should 
be purified. To the gas passageway in casing equipped with the gas outlet for discharging the gas after clarification The corona 
electrode system which consists of the independent electrode of two or more arrangement **** after insulating mutually as a 
counterelectrode which countered the piece with the corona discharge pole and countered other pieces with this corona discharge pole 
at least is prepared. The capacitive energy are recording element for impressing the very short ultrashort pulse high tension of pulse 
width between this corona discharge pole and other electrodes. In the gas cleanup equipment of the place in which the high voltage 
ultrashort pulse power source which consists of the power source for charge and the high-speed switch element for discharge was 
prepared When relative density of the gas in the tenqjerature and the atmospheric pressure at the time of purifying said gas when 
setting pulse width of this high voltage ultrashort pulse power source to 1 or less microsecond, and setting the consistency of the gas in 
0 degree C and 1 atmospheric pressure to 1 is set to d. If distance-average field strength between this corona discharge pole that shows 
the critical value for making a large quantity generate chemical active species (radical) for the peak value electrical potential 
difference ♦♦♦♦ of the ultrashort pulse high tension to impress between said corona discharge poles and counterelectrodes, and this 
counterelectrode is set to Epo Ultrashort pulse high-tension **♦* type gas cleanup equipment of the place characterized by making it 
become Epo=more than 8d (kV/cm). 

[Claim 2] Ultrashort pulse high-tension ♦♦♦* type gas cleanup equipment of the place characterized by this capacitive energy are 
recording element being a capacitor in equipment given in a claim (1). 

[Claim 3] Ultrashort pulse high-tension ♦*♦♦ type gas cleanup equipment of the place characterized by this capacitive energy are 
recording element being a high voltage coaxial cable in equipment given in a claim (1). 

[Claim 4] Ultrashort pulse high-tension **♦♦ type gas cleanup equipment of the place characterized by this capacitive energy are 
recording element being LC ladder mold connection circuit of two or more capacitors and an inductance, respectively in equipment 

given in a claim (1). 

[Claim 5] Ultrashort pulse high-tension ***♦ type gas cleanup equipment of the place characterized by this high-speed switch element 
for discharge being a revolution spark switch in equipment given in either to (4) from a claim (1). 

[Claim 6] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by this high-speed switch element 
for discharge being a fixed spark discharge switch in equipment given in either to (4) from a claim (1). 

[Claim 7] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by being the 2 electrode system to 
which this corona electrode system changes only from a corona discharge pole and a counterelectrode to either to (6) in the equipment 
of a publication from a claim (1), and these other electrodes being counterelectrodes, 

[Claim 8] Ultrashort pulse high-tension *♦** type gas cleanup equipment of the place characterized by this counterelectrode being a 
non-corona electrode in equipment given in a claim (7). 

[Claim 9] Ultrashort pulse high-tension type gas cleanup equipment of the place characterized by being the corona discharge 
pole where this counterelectrode performs corona discharge to a claim (7) in the equipment of a publication. 

[Claim 10] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by being the 3 electrode system 
in which it insulates from two electrodes near this corona discharge pole besides a corona discharge pole and a counterelectrode, and 
this corona electrode system has the third electrode of arrangement **** in equipment given in either to (6) from a claim (1). 
[Claim 1 1] Ultrashort pulse high-tension ♦*♦* type gas cleanup equipment of the place characterized by having a direct-current high 
voltage power supply for impressing direct-current high tension to a claim (10) between this third electrode and this counterelectrode 
in the equipment of a publication, and impressing this ultrashort pulse high tension between this corona discharge pole and this third 
electrode as these other electrodes. 

[Claim 12] Ultrashort pulse high-tension ♦♦** type gas cleanup equipment of the place characterized by this third electrode being a 
non-corona electrode in equipment given in a claim (10) or (1 1). 

[Claim 13] Ultrashort pulse high-tension type gas cleanup equipment of the place characterized by being the corona discharge 
pole where this third electrode performs corona discharge in the equipment of a publication to a claim (10) or (1 1). 
[Claim 14] Ultrashort pulse high-tension *♦** type gas cleanup equipment of the place characterized by preparing the bias high 
voltage power supply for impressing bias high tension to either to (13) beforehand between this corona discharge pole and these other 
electrodes in the equipment of a publication, and impressing this ultrashort pulse high tension of this and like-pole nature to this bias 
_ high tension between two electrodes through a coupling capacitor in piles from a claim (1 ). 

[Claim 15] Ultrashort pulse high-tension ♦*♦* type gas cleanup equipment of the place characterized by this bias high voltage power 
supply being a direct-current high voltage power supply in equipment given in a claim (14). 

[Claim 16] Ultrashort pulse high-tension ***♦ type gas cleanup equipment of the place where this bias high voltage power supply is 
characterized by being the source of bias pulse height piezo-electricity of the place which generates the pulse height electrical potential 
difference for bias which has width longer enough than the mesial magnitude width of this ultrashort pulse high tension in equipment 
given in a claim (14). 

[Claim 17] In equipment more nearly given in either to (16) than a claim (1) It is more than one half of the geometric die length of this 
ultrashort pulse high tension where at least one die length in this corona discharge pole, diis counterelectrode, and these other 
electrodes spreads a it top at least as this corona electrode system. And ultrashort pulse high-tension **** type gas cleanup equipment 
of the place characterized by using the corona transmission line where the termination is opened. 

[Claim 1 8] Ultrashort pulse high-tension ♦*** type gas cleanup equipment of the place characterized by inserting the coil for peaking 
in a claim (1 7) in the equipment of a publication in at least one or more midpoints of an electrode with at least one long die length 
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which constitutes this corona transmission line. 

[Claim 19] Ultrashort pulse high-tension **♦* type gas cleanup equipment of the place characterized by being ♦♦*♦♦♦♦* to which the 
overall lengdi of this corona transmission line is divided into two or more partial lines, and the partial line except the partial line of the 
down-stream edge changes from the parallel connection **** thing of two or more corona discharge poles to a claim (17) in the 
equipment of a publication, and the corona discharge pole of the parallel connection decreases serially toward a down-stream edge 
from an upper edge. 

[Claim 20] Ultrashort pulse high-tension ♦*♦♦ type gas cleanup equipment of the place characterized by being the corona electrode for 
♦*** peaking with which this corona discharge pole is beltlike with an electrode, and reduces the width toward termination in 
equipment given in either to (17) from an input edge from a claim (1). 

[Claim 21] the line with a more nearly circular corona discharge pole [ this ] than a claim (1) cross section in equipment given in either 
to (19) — Ae ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by being a corona discharge 
pole. 

[Claim 22] equipment more nearly given in either to (1 9) than a claim (1) - setting — this corona discharge pole — a cross section — a 
polygonal line — the ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by being a corona 
discharge pole. 

[Claim 23] equipment more nearly given in either to (19) than a claim (1) - setting — this corona discharge pole — a cross section — a 
stellate line - the ultrashort pulse high-tension ***• type gas cleanup equipment of the place characterized by being a corona 

discharge pole. 

[Claim 24] equipment more nearly given in either to (19) than a claim (1) — setting — the line of a strip [ pole / this / corona 
discharge ] — the ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by being a corona 
discharge pole. 

[Claim 25] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by this corona discharge pole 
being a projection frnishing line-like corona discharge pole in equipment given in either to (1 9) from a claim (1). 
[Claim 26] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by this corona discharge pole 
being a projection cylindrical corona discharge pole in equipment given in either to (19) from a claim (1). 

[Claim 27] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by this corona discharge pole 
being a projection strip corona discharge pole in equipment given in either to (19) from a claim (1). 

[Claim 28] In equipment more nearly given in either to (27) than a claim (1) As more than the geometric die length of this ultrashort 
pulse high tension that connects this ultrashort high voltage pulse power source and this corona electrode system with a high voltage 
coaxial cable, and spreads the die length of this coaxial cable on it at least Ultrashort pulse high-tension ♦*** type gas cleanup 
equipment of the place characterized by giving this an operation of the transmission line for separation. 

[Claim 29] It sets from a claim (1) to equipment more nearly given in either to (28) than (10) to (8). This corona discharge pole and 
this counterelectrode are the discharge electrodes and collecting electrodes in an electrostatic precipitator, respectively. This casing 
The hopper for [ the ] accepting a collection particle caudad, Ultrashort pulse high-tension **♦♦ type gas cleanup equipment of the 
place characterized by having an exhaust port for discharging this outside, and performing electrostatic precipitation of the particle in 
gas in addition to clarification of exhaust gas, 

[Claim 30] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by forming the hammering 
equipment for giving either to (29) a mechanical shock in this corona discharge pole and a counterelectrode in the equipment of a 
publication at at least 1 person from a claim (1). 

[Claim 31] Ultrashort pulse high-tension type gas cleanup equipment of the place characterized by arranging this corona 
electrode system in casing of an electrostatic precipitator in the equipment of a publication at either to (30) from a claim (1 ). 
[Claim 32] Ultrashort pulse high-tension ♦♦** type gas cleanup equipment of the place characterized by providing a means to form 
liquid membrane in this counterelectrode thru/or a dust collection front face in the equipment of a publication at either to (31) from a 
claim (1). 

[Claim 33] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by equipping the gas which 
should be this purified from a claim (1) in the equipment of a publication to either to (32) with the agent feeding equipment for adding 
the additive for reaction acceleration beforehand. 

[Claim 34] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by this agent feeding equipment 
being an ammonia injection equipment in equipment given in a claim (33). 

[Claim 35] Ultrashort pulse high-tension ***♦ type gas cleanup equipment of the place characterized by equipping the gas which 
should be this purified from a claim (1) in the equipment of a publication to either to (34) with the gas pre-treatment equipment for 
pretreating beforehand. 

[Claim 36] Ultrashort pulse high-tension ♦♦♦♦ type gas cleanup equipment of the place characterized by this gas pre-treatment 
equipment being a gas cooling tower in equipment given in a claim (35). 

[Claim 37] Ultrashort pulse high-tension ♦♦*♦ type gas cleanup equipment of the place characterized by having gas after-treatment 
equipment for carrying out after treatment of the gas after clarification to either to (36) further in the equipment of a publication from a 
claim (1). 

[Claim 38] Ultrashort pulse high-tension ♦**♦ type gas cleanup equipment of the place characterized by being a gas absorber for 
absorbing the gas after this gas after-treatment equipment reacting in equipment given in a claim (37). 

[Claim 39] Ultrashort pulse high-tension **** type gas cleanup equipment of the place characterized by this gas after-treatment 
equipment being a dust collector in equipment given in a claim (37). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the "ultrashort pulse high-voltage ♦*** type gas cleanup equipment" for removing various kinds of gaseous 
pollutants which contain these by **, such as oxidation and disassembly of the nitrogen oxides (it calls Following NOx) contained in 
the industrial exhaust gas from a boiler, a sintering machine, etc., and oxidation of a sulfur dioxide (it calls the following SO 2). 
However, the application range can be used, also in order not to remain in a mere gas cleanup, but to be able to collect dust to a gas 
cleanup and coincidence, to be able to use for decomposition of NOx generated with the equipment which uses corona discharge, such 
as an electronic copying machine and an electric discharge machine, etc. combining philharmonic a *•** type bug [ an electrostatic 
precipitator and ] etc. and for the discharge chemistry-reaction in gas to perform effectively oxidation of specific gas constituents, 
reduction, generation, decomposition, etc. generally. 
[Description of the Prior Art] 

Conventionally, it is the chemical approach which is used for denitrification and desulfurization of exhaust gas chiefly. The so-called 
"ammonia catalytic reduction approach which mainly decomposes NOx into nitrogen and moisture with the upper catalyst of addition 
of ammonia in exhaust gas with the gas temperature of 300 degrees or more is used for denitrification. Moreover, milk of lime is 
mainly made desulfurization at the shape of Myst, and the so-called "limestone fat method" which absorbs S02 to this and is removed 
from gas as sulflirous-acid gypsum fibrosum is used after distributing in exhaust gas. On the other hand, the ammonia addition-top was 
irradiated at exhaust gas, the electron beam of high energy was irradiated beforehand at this, NOx and S02 were converted into the 
solid-state particle of double salt, and the "electron beam emission-gas-purification method" which removes this from gas was 

developed. Moreover, electric field are added for this method to the exposure space of an electron beam, and that effectiveness is 
proved also for how to improve by gathering that reaction rate. Furthermore, only the corona electrode system which only consists of a 
corona discharge pole and a non-corona counterelectrode is prepared into exhaust gas, a pulse height electrical potential difference is 
applied between two electrodes, the method which performs denitrification and desulfurization is also proposed, and the effectiveness 
in the equipment of a laboratory scale is proved. However, utilization is very difficult for each of these, and they has resulted in 
current as they does not succeed in utilization. 
[Problem(s) to be Solved by the Invention] 

The chemical approaches, such as the above-mentioned "ammonia catalytic reduction method" and a "limestone fat method", have 
very high construction cost and running cost, and have problems, such as corrosion of the upper equipment, and a life of a catalyst. 
Denitrification and desulfurization can be performed to coincidence, as for the "electron beam emission-gas-purifi cation approach", a 
catalyst is not needed, either, but although equipment is easy and maintenance is also easy equipment since it is a perfect dry type 
process, an installation cost and running cost need an expensive cure for radiation protection a both very high top. Since there is no 
change in the method which adds electric field to the exposure space of an electron beam by this method, and promotes denitrification 
and desulphurization reaction using an electron beam fundamentally, becoming [ of an installation cost ] high is not avoided. An after 
all the easiest and economical approach is an approach prepare only a corona electrode system into exhaust gas, impress periodically a 
pulse height electrical potential difference with short width efface between two electrodes, generate pulse-corona discharge, and this 
performs desulfurization and denitrification of exhaust gas, or other purification in pure electrical and electric equipment. However, 
with equipment also with this large-sized, it was admitted that that effectiveness did not exist and the actual condition was that the 
policy for putting this method in practical use is not being formed at all. 

This invention aims at conquering the above-mentioned difficulty and putting "the gas cleanup method using the corona discharge by 
the ultrashort pulse high voltage" in practical use with large-sized equipment. 
[Means for Solving the Problem] 

This invention in the gas containing the gaseous pollutant of NOx and S02 grade The corona electrode system which changes 
mutually from the independent electrode of two or more uppier arrangement **** of an insulation as a counterelectrode which 
countered the piece with the corona discharge pole and countered other pieces with this corona discharge pole at least is prepared. In 
the equipment which aims at denitrification and desulfurization of gas by impressing the very short ultrashort pulse high voltage of 
pulse width between this corona discharge pole and other electrodes When making pulse width of the ultrashort pulse high voltage into 
the value for 1 or less microsecond and setting relative density of the gas in the temperature and the pressure at tiie time of the 
purification to the consistency of the sewer gas-ed in 0 degree C and 1 atmospheric pressure to d, Critical value Epo=8d in which the 
time peak value Ep of the distance-average field strength which shows the peak value electrical potential difference **** per unit 
length between this corona discharge pole and this counterelectrode triggers a gas cleanup reaction at least (kV/cm) .... (1) 
********** which becomes the above — the above-mentioned trouble is solved by selecting the value of the peak value electrical 
potential difference ♦**♦ to a high value. 

Here, by this application, although a "electrical potential difference" means the thing of the peak value of a pulse, or peak value, in 
order to distinguish, for example from the electrical potential difference in die standup part of a pulse etc., it is expressed as peak value 

(peak value). 

Moreover, tfie economical strength of the electric field which exist as everyone knows in the magnetic field which changes to the 
surrounding field strength or surrounding *♦ time amount target of the charge in ** electrostatic field is expressed as average field 
strength. Since the average field strength stated by this application means the field strength of ** (here, it works to inter-electrode), 
i.e., the field strength of the point which kept a fixed distance from the charge, distance-average field strength [ field strength ] has 
been written so that it may not mix up with the electric field of **. 

Namely, this invention person crosses the gas passageway of the gas containing NOx and S02 grade, and makes pulse-corona 
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discharge generate. ♦♦♦♦♦♦♦♦♦♦ which has the distance-average field strength [ good ] in the gap for Epo of the above-mentioned 
conditions (1) at least — a high value and by taking the value more than 12d (kV/cm) preferably for the first time ~ NO and S02 — 
N02 and SOS of water solubility respectively ~ it can oxidize ~ a suitable absorbent thru/or a lean solution, for example, water, and 
NaOH and Na2 - it found out that it was effectively removable out of gas with the contact absorption to the water solution or 
suspension water of COS and calcium (OH)2 and CaCOS. In this case, if the lean solution of this N02 and SOS grade makes the fi-ont 
face of this counterelectrode flow down in the form of liquid membrane, it is effective and the most suitable. Moreover, although N02 
generated by oxidation of NO was further decomposed in the operation of pulse-corona discharge by the ultrashort pulse high voltage, 
it was found out by adding NOx and equivalent ammonia in gas beforehand in this case that decomposition of N02 is promoted 
remarkably. Moreover, it was found out that inversion immobilization also of S02 or SOS is carried out by addition of ammonia at a 
solid-state particle. Moreover, when NOx and S02 lived together in gas, when using a forward pulse corona, oxidation and 
decomposition of NOx preceded first, and it became clear that oxidation of S02 was performed after an appropriate time. Moreover, 
the mercury vapour contained in gas also oxidizing very effectively by the above-mentioned pulse-corona discharge, and serving as a 
solid mercury oxide, and becoming the mercury chloride of fusibility under existence of HCL etc. is known. 
Moreover, the more discharge chemistry-gas cleanup reactions by this invention, such as oxidation of NO, decomposition of N02, 
oxidation of S02, oxidation of mercury vapour, and chlorination, make still higher distance-average field strength between die corona 
discharge pole in a gas passageway, and a counterelectrode exceeding Epo of the above-mentioned (1) formula, the more Moreover, it 
also became clear that it was carried out more effectively, so that it made small the radius of curvature of a corona discharge pole, or it 
attached the sharp projection, and pulse corona discharge was closed, if. 

It is necessary to shorten extremely width of face of the above-mentioned ultrashort pulse high voltage which should impress the 
remarkable high distance-average field strength exceeding Epo of the above-mentioned (1) formula to forming without generating of a 
spark in the corona space of the above-mentioned gas passageway. In this case, although it depended for that necessary value on the 
configuration, the electrode configuration and the dimension of the corona electrode system to be used, a presentation, temperature, a 
pressure of gas, etc. when pulse width was expressed with the mesial magnitude width Tp, it was usually found out by the experiment 
that it is necessary to make Tp for it to be desirable and short to 500 or less ns and the degree of pole 1000 or less ns even if long. 
The 3 electrode system which could use the 2 electrode system which consists of two kinds of independent electrodes, this corona 
discharge pole and this counterelectrode, which are used for this invention, and which separated the gas passageway as a corona 
electrode system, and countered mutually, and carried out insulating arrangement of the third electrode fiarther near the discharge 
electrode may be used, moreover — as this corona discharge pole used for this invention - a line — the shape of a - square wire, and 
with a prickle - a line - although the thing of what kind of the suitable configuration, structure, and quality of the materials, such as 
cylindrical with - projection, a strip, and a strip with a projection, may be used, since a discharge chemistry operation becomes 
flourishing so that it is made a configuration which corona discharge starts actively as above-mentioned, generally it is suitable. 
Moreover, even if it fixes and uses this corona discharge pole for a suitable housing, the one long corona transmission line is made to 
form, and you may use. 

When using the above-mentioned 2 electrode system as an electrode configuration of this invention, the above corona discharge poles 
may be used as the counterelectrode, and a non-corona electrode with the big radius of curvature of the shape of tabular and a wire 
gauze and cylindrical ** may be us^. Moreover, when using a 3 electrode system, it is suitable to use the above non-corona 
electrodes as a counterelectrode, and it can also use any of a corona discharge pole and a non-corona electrode as the third electrode. 
Although this ultrashort pulse high voltage may be directly impressed between this corona discharge pole and a counterelectrode in 
use of a 2 electrode system The pulse height electrical potential difference and the auxiliary high voltage (it is called the bias high 
voltage below) of like-pole nature which should be beforehand applied between two electrodes are applied. If this ultrashort pulse high 
voltage is impressed to this through a coupling capacitor in piles, the ultrashort high-pressure pulse power source for only the part of 
this bias high voltage being able to reduce the peak value electrical potential difference, and generating the ultrashort pulse high 
voltage can be made cheap, and it is suitable. 

If in charge of use of a S electrode system, between this third electrode and this counterelectrode, the above-mentioned bias high 
voltage is impressed, as the polarity over the former latter becomes the same as the polarity in this pulse height electrical potential 
difference of this corona discharge pole, and this pulse height electrical potential difference is impressed through direct or a coupling 
capacitor between this corona discharge pole and this third electrode on it. 

Although the above-mentioned bias high voltage used in a 2 electrode system and a 3 electrode system may use the direct-current high 
voltage, if a pulse height electrical potential difference with width of face wider than this ultrashort pulse high voltage (it is called 
below a bias pulse height electrical potential difference) is used, unlike the case where the bias direct-current high voltage is used, the 
ion current which crosses gas-passageway space and flows can be reduced sharply, and the power consumption which gas cleanups, 
such as denitrification and desulfurization, take can be reduced remarkably. 

When this counterelectrode is used as a non-corona electrode in the above-mentioned 2 electrode system and a 3 electrode system. 
Although the polarity of this corona discharge pole at the time of impressing the ultrashort pulse high voltage may be - [ forward ] 
Undertaken and you may be a gap, since a forward pulse corona is extended in the shape of a streamer and bridges this corona 
discharge pole and partner inter-electrode gas space The chemical active species which becomes the basis which makes gas cleanup 
reactions, such as denitrification and desulfurization, occur can be generated by the whole space, can complete this reaction in the 
comparatively small equipment volume thru/or the short paddle residence time, and can miniaturize a facility. Therefore, the direction 
which used forward pulse corona discharge for carrying out this invention independently for the purpose of only gas cleanups, such as 
denitrification, desulfurization, etc. of gas, can make an installation cost cheap. Since especially the oxidation rate to SOS of S02 is 
very slow in a negative pulse corona, it is necessary to use a forward pulse corona. 

However, the corona electrode system of this invention is made to serve a double purpose as an electrostatic precipitator, this corona 
discharge pole is made as the discharge electrode, this counterelectrode is made into ^e dust collecting electrode, it is also possible to 
collect dust to a gas cleanup and coincidence, such as denitrification, desulfurization, etc. of exhaust gas, the ultrashort pulse high 
voltage is impressed by making the polarity negative in that case on this corona discharge pole, and it is suitable negative to carry out 
pulse corona discharge generating. It is because discharge bridges the gap between a corona discharge pole and a dust collecting 
electrode in the shape of a streamer, and acts to the whole gap space as Shigeo of forward and the anion like when using forward 
pulse corona discharge, so the electric charge of the dust particle which needs bombardment of only unipolar ion cannot be performed 
but a dust collection operation is lost. On the other hand, if negative pulse corona discharge is used, discharge will be localized near 
the corona discharge pole, a forward anion will be formed only in this field, but since only an anion style exists in the other field, the 
electric charge and dust collection of dust may be performed effectively. In this case, when carrying out by making the electrostatic 
precipitator of 2 electrode types which consist this invention of a usual discharge electrode and a usual dust collecting electrode make 
it serve a double purpose, the electrode configuration of a corona electrode system is good to become the above-mentioned 2 electrode 



http://www4.ipdLncipi.go.jp/cgi-bm/tran_web_cgi_ejje 



5/16/2006 



JP,2649340,B [DETAILED DESCRIPTION] 



Page 3 of 11 



system, to impress the direct-current high voltage which makes this corona discharge pole negative beforehand between two electrodes 
as a bias direct-current high voltage, and to imjjress this ultrashort pulse high voltage to this for this discharge electrode with the 
polarity made negative through a coupling capacitor in piles. Moreover, this invention can be carried out also as an electrostatic 
precipitator of 3 electrode types which prepared the third electrode which consists of a non-corona electrode thru/or a corona electrode 
near this corona discharge style in addition to a corona discharge pole and a dust collecting electrode, the direct-current high voltage 
which makes the former negative between this third electrode and this dust collecting electrode in this case is impressed, and this 
ultrashort pulse high voltage is impressed with the polarity which makes the fonner negative between this discharge electrode and the 
third electrode. 

If the ultrashort pulse high voltage used by this invention constitutes a corona electrode system as the long transmission line (it is 
called the corona transmission line below), it can use most e£fectively the energy with which it generates covering the overall length, 
and this ultrashort pulse high voltage holds powerful corona discharge for gas cleanup reactions, such as formation of corona 
discharge, therefore denitrification, desulfurization, spreading a it top as a progressive wave. In this case, since that geometric die 
length becomes Lp=CoT when the widtii of a pulse voltage is T, since the propagation velocity of a pulse voltage is almost equal to the 
velocity of light Co, in the case of the corona transmission line of tennination disconnection, it is **♦♦***♦ Lo>=(l/2) Lp from that 
that die length Lo is equivalent to Lp ( 1/2), or this. (2) 

It is conditions for a pulse voltage to show the behavior as a progressive wave, and becomes the concentrated-constant load of the 
place where a corona electrode system consists of the equivalence parallel resistance of interelectrode capacity and corona discharge 
on the contrary at the time of Lo«(l/2) Lp. 

In carrying out the embodiment (it being called a progressive wave mold below) of this invention using this progressive wave with the 
corona electrode system of this 2 electrode system thru/or a 2 electrode type electrostatic precipitator It is suitable to have ♦♦*♦♦♦ 5 
[ about ] thru/or 30cm in the shape of zigzag between the parallel touch-down ♦*** tabular counterelectrodes (or dust collecting 
electrode) of a pair, and to carry out insulating arrangement of this linear long corona discharge pole. In this case, the touch-down 
counterelectrode (or dust collecting electrode) of the pair which faced mutually, and one long corona discharge pole arranged in that 
middle become a group, and constitutes the two corona transmission lines of juxtaposition, in this case, this corona discharge pole — 
the earth — insulating **** — it is suitable to insulate from this to a suitable housing and to attach in it 

Moreover, in carrying out this progressive wave mold with the corona electrode system of a 3 electrode system, or a 3 electrode type 
electrostatic precipitator It is suitable to carry out insulating arrangement of either [ at least ] this corona discharge pole or this third 
electrode at the shape of zigzag with the spacing 2 [ about ] between this third electrode and a corona discharge pole thru/or 10cm in 
the middle of the parallel touch-down **** tabular counterelectrode (or dust collecting electrode) of the pair which faced mutually. In 
this case, this corona discharge pole, this third electrode, and this corona discharge pole and both counterelectrodes (or dust collecting 
electrode) fomi the three corona transmission lines (four [ or ]) of juxtaposition, respectively, in this case, the third electrode — a 
drainboard — it is suitable to consider as a form, to make it serve as a housing, to move in a zigzag direction so that the middle of the 
****** perpendicular column of a drainboard may be run, and to arrange the this corona discharge pole after insulating from this 
housing in the shape of zigzag. 

When the above-mentioned ultrashort pulse high voltage advances a corona transmission-line top as a progressive wave and corona 
discharge is carried out to the middle, for the energy loss accompanying it, the wave height part of this ultrashort pulse high voltage 
suffers a loss gradually, and goes, after [ a certain ] carrying out distance advance, the wave height section is lost completely, and the 
capacity which already produces corona discharge disappears. Although this distance changes with conditions, in the case of the 
intense forward pulse voltage [ exhausting / which generates about 300m and powerful streamer-like corona discharge in the case of a 
negative pulse voltage / energy ], it is about abbreviation 3m- 10m. By the way, even after the wave height section disappears, this 
ultrashort pulse high voltage holds still more sufficient energy. In order to utilize this effectively, raise the wave height section again 
by a certain approach, and it carries out to beyond a corona-starting-voltage (this is called pulse peaking for short below) value. 
Converting the great portion of pulse height electrical-potential-difference possession energy into the energy of corona discharge 
raises the power efficiency of this method, it has lowered operation cost, and is very important. One approach for carrying out pulse 
peaking is a sardine IPI dance which is the corona transmission line. 



What is necessary is it to be good to make it so large that it go down-stream, and to make the inductance L per corona transmission- 
line unit length so large that it go down-stream, or just to make electrostatic capacity C between tracks per corona transmission-line 
unit length so small that it go down-stream for that purpose. The approach of carrying this out most simply in this invention is opening 
the tennination of the corona transmission line (Zo*s becoming infinite at this time and total reflection of the progressive wave being 
carried out) while making it so large that some inductance elements (it abbreviates to a peaking corona below) are inserted in the 
middle of a long corona discharge line and it goes that inductance value down-stream. Moreover, parallel connection of some 
discharge rays is carried out, a corona discharge line is constituted, after reducing that number of juxtaposition lines in some 
intermediate locations and carrying out to one at last, track termination may be opened wide, above-mentioned C decreases to 
whenever [ that ] at this time, and Zo goes up. Or while making a corona discharge line from a thin band-like conductor, making it 
make a counterelectrode generate corona discharge in arrangement and its sharp periphery section in parallel, and narrowing the width 
serially toward termination from an input edge, performing it, reducing the electrostatic capacity C to a counterelectrode and making 
width into zero termination, it is good also as an open end. Such a corona discharge pole will be called a peaking discharge electrode 
below. The above other pulse peaking can be performed also by compressing the width of a pulse and making it small by the suitable 
approach, (this being called pulse compression), and it is not necessary in the corona transmission line of this invention to say that 
pulse peaking may be carried out with the application of pulse compression. 

Equipment can be miniaturized, so that the value of fp is made high, since the time amount which gas cleanups, such as denitrification 
and desulfurization, take is mostly in inverse proportion to the frequency fp of the ultrashort pulse high voltage to impress. It is good 
to select 50Hz or more of fp(s) to 250Hz or more preferably practically in operation of this invention. 

As a high-pressure ultrashort pulse power source for generating the ultrashort pulse high voltage with short width in such a degree of 
pole Although what kind of suitable thing may be used, capacitive energy are recording elements which generally connected a 
capacitor, a coaxial cable, or two or more capacitors and inductances to the ladder mold as an energy are recording element (it is also 
called a pulse-shape shaping element), such as LC ladder mold circuit, are used. This is charged wiOi the direct-current high voltage. 
Subsequently this A fixed spark gap, A rotary spark gap. Or it is suitable to use the thing (for a capacity are recording mold to be 
called) of the format which discharges through direct or a coupling capacitor and forms this ultrashort pulse high voltage between the 
two electrodes of the corona electrode system of this invention which is a load in an instant with high-speed switching devices, such as 
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hydrogen thyratron. However, an inductance is used as an energy are recording element, a direct current is beforehand passed in ttiat 
coil, and the thing (an inductance are recording mold is called) of a format which impresses the pulse height electrical potential 
difference which appears diat current in these inductance both ends in a high-speed switching device in an instant at disconnection and 
this time to the load of this invention through direct or a coupling capacitor may be used. When using a fixed spark gap with a capacity 
are recording mold high-pressure ultrashort pulse power source The electrical potential difference in the charge process of cs^citive 
energy are recording elements, such as a capacitor Although the suicidal-explosion mold spark gap to which you make it boast of a 
spark gap may be used when the sparking voltage of a gap is exceeded, if the tripartite spark switch which has the other trigger 
electrodes of the main sparking electrode, for example is used A trigger electrode is made to be able to generate a spark by giving the 
pulse voltage for triggers at the necessary time, and a switch operation can be made to discover. Such an external trigger mold fixed 
spark switch can constitute the laser beam for triggers also from iiradiating a sparking electrode at the necessary time again, and it 
makes a spark generate and it deals in it at the moment of the exposure. As a high-speed switching device, such an external trigger 
mold fixed spark switch. The above-mentioned capacitive energy are recording element is charged through a half wave rectifier not 
with the direct-current high voltage but with the alternating current high voltage using a rotation spark switch, hydrogen thyratron, etc. 
When making it make this high-speed switching device turn on only within the moment of taking near a null voltage value after this 
alternating current high voltage completes charge, or the half period which carries out **** reversal and which this half wave rectifier 
blocks While being able to prevent generating of the rush current from this instantaneous power source to a load, charge loss can be 
sharply decreased as an advantage of an alternating current charge proper, and the power efficiency of a high-pressure ultrashort pulse 
power source can be improved sharply. 

Next, it faces impressing the ultrashort pulse high voltage of this invention to the usual corona electrode system which is not the 
corona transmission line, and it acts as a concentrated-constant load with which this corona electrode system consists of juxtaposition 
quantity resistance accompanying inter-electrode electrostatic capacity and corona loss, and with the inductance of the feeder circuit 
which connects a corona electrode system with a part for this capacity, the electrostatic capacity of a high-pressure ultrashort pulse 
power source, and that inductance, a switching device, and this power source, LC coupled vibration of a RF occurs and sparking 
voltage falls sharply. 

Then, in order to prevent this coupled-vibration generating, to raise sparking voltage and to realize distance-average field strength 
higher than Epo of a formula (1) between gas gaps to stability The transmission lines, such as a long high-pressure coaxial cable with 
the geometrical length of a pulse voltage, an EQC, or the die length beyond it, are inserted between a pulse power source and a corona 
electrode system. It is good to separate the circuit-mutual intervention by the side of a power source and a load, as it is impressed by 
the corona electrode system at that termination, after once making the pulse voltage into the progressive wave and making this track 
top spread. Such the transmission line will be called the separation Mr. transmission line below. This transmission line for separation 
is an indispensable element, in order to prevent causing the above-mentioned coupled vibration and to make it an ultrashort pulse high- 
voltage wave join a load in a form as it is, when the corona electrode system used for this invention is a concentrated-constant load, 
and using this transmission line for separation also makes one description of this invention. In this case, CR-attenuated wave train 
which that charge electrical potential difference discharges through a switching device to the input surge impedance (it consists of a 
part for pure resistance) of this transmission line for separation when using the capacitor for pulse-sha pe shaping as a capacitive 



It comes out and a transmission-line top is spread. Therefore, it is Ls>=VT, when the die length Ls of a track sets width of a pulse to T 
(ns) for attaining the separation purpose, (4) 

It is necessary to carry out. If it supposes that a high-pressure coaxial cable is now used as this transmission line for separation and the 
value of the progressive wave propagation velocity V on it is carried out in V= 0.2m/ns, it may be necessary to be Ls>=200m at the 
time of Ls>=100m and T= 1000ns at the time of T= 500ns. 
[Function] 

The electron generated in connection with corona discharge when forming in inter-electrode [ofa******** corona electrode system ] 
larger distance-average field strength than Epo of the formula (1) which makes the features of this invention is powerfully accelerated 
in 1 mean free path, and remarkable high kinetic energy is gained. It acts as Shigeo of the chemical active species, such as oxygen of 
OH radical which becomes the basis which triggers gas cleanup reactions, such as desulfurization and denitrification, O and 03, and 
an excitation state, and 02 ion, in large quantities after colliding with molecules, such as 02, H20, etc. which are contained in gas. By 
the powerful oxidation, N02 and S02 can oxidize to S03, mercury vapour oxidizes immediately to a solid oxide, and NO can be 
easily removed from gas in the water solution of a suitable absorbent. The great portion of N02 is decomposed in a discharge 
chemistry-operation of the electron which has powerful energy, moreover, the time of adding hydrogen chloride gas etc. beforehand 
the case of the suitable additive for inside, for example, NO and S02, in the case of ammonia gas and mercury vapour — the above — 
Since you make it able to combine with NH3 and inversion immobilization of inversion immobilization and the mercury vapour can 
be carried out to a solid ammonium-sulfate particle at the chlorine compound of the solid-state, S02 becomes possible [ removing 
pollutants, such as NOx, S02, and mercury vapour, from gas completely ]. That is, the fundamental mechanism of action of the gas 
cleanup effectiveness, such as very high denitrification, desulfurization, etc. of a proper, is in having made the rate and yield of the gas 
cleanup reaction in which this invention accelerates an electron to level absolutely impossible till now, makes the energy go up 
remarkably, and includes denitrification and desulphurization reaction over the conventional wall within 1 mean free path by this for 
the first time, or a discharge chemistry-reaction improve by leaps and bounds at this invention. 
[Example] 

Fig. 1 uses especially the gas cleanup equipment by this invention as exhaust gas denitrification and a desulfurizing plant, and drawing 
of longitudinal section of one example of a use ***♦ thing and Fig. 2 show the cross-sectional view. 1 is casing which consists of the 
inlet port 2 of the gas containing NOx and S02, the outlet 3 of the gas after a nitric acid and desulfurization, a hopper 4, and the 
grounded metal that has the dust exhaust port 5. The touch-down ♦*♦♦ perpendicular parallel tabular counterelectrode group 6 and 6* 
are arranged in the interior at equal intervals, insulating arrangement is carried out in the middle of casing and this coimterelectrode 
group, and the linear corona discharge electrode group 8 by which support firm bridging was carried out is in the rectangle-like metal 
housing group 7. This housing 7 is siipported with the metal stanchion 12 which penetrates a porcelain tube 11 in the upper part with 
the supporting insulator which set caudad and was fixed on the level beam 9, and is insulated from the earth. Hirough die circuit 
changing switch 13, it connects with the straight polarity output terminal of the bias direct-current high voltage power supply 15 of 
output voltage Vb through the ♦* style inductance 14 further, and one of these the stanchions 12 is further connected to the forward 
output terminal of the ultrashort hi^-pressure pulse power source 18 through the coupling capacitor 16 and the high-pressure coaxial 
cable 17 in drawing of this example. The ultrashort pulse high voltage which this pulse power source 1 8 generates gives distance- 



energy are recording element, and is then produced is a rate as a progressive wave. 
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average field strength with the mesial magnitude width Tp of that pulse fully large [ that peak value electrical potential difiference 
♦♦♦* ] in 500 or less ns, and sufficiently larger above-mentioned bias voltage Vb and superposition ♦♦** full wave high price 
electrical potential difiference (****+Vb) than Epo given by the formula (1), and makes the requirements for this invention fully 
satisfy. Moreover, in this example, this corona discharge electrode group 8, the counterelectrode group 6, and the corona electrode 
system that consists of 6' form the lumped constant circuit, therefore the duty of the already described transmission line for separation 
has also achieved this high-pressure coaxial cable 1 7. namely, the appearance with which the die length Ls of this coaxial cable 1 7 fills 
a formula (4) — it has taken fully for a long time. If a circuit changing switch 13 is now thrown into the left, the bias direct-current 
high voltage power supply 15 will be separated, and it will be impressed between the direct corona discharge electrode group 7, the 
counterelectrode group 6, and 6', without the output voltage of the ultrashort high-pressure pulse power source 18 minding a coupling 
capacitor 16. 20 is an ammonia container and ammonia gas is blown into inlet-port dust 23 from a nozzle 22 through a feed pipe 21. 
The gas containing NOx and S02 flows the corona discharge electrode group 7, the counterelectrode group 6, and the gas passageway 
1 9 between 6' up after mixing the ammonia gas of the equivalent in the sum total **** thing and chemistry target of NOx and S02 
which were blown from penetration and a nozzle 22, and reaches an outlet 3, it is led to the suitable dust collector for sulfiiration 
particle removal by the inlet port 2 from this, and an ammonium-sulfate particle is discharged from it to an after [ removal **** ] 
stack. By impression of the above-mentioned ultrashort pulse high voltage, the counterelectrode group 6 and the forward corona 
discharge of the shape of a powerful streamer which bridges a gas passageway 1 9 toward 6* occur, the most decon^oses NOx into the 
bottom of existence of ammonia according to the powerful discharge chemistry operation at N2 and H20, and after S02 oxidizes and 
oxidizes to S03, it combines with NH3 and serves as a solid particulate of an ammonium sulfate from the corona discharge electrode 
group 8. The part falls in the downward hopper 4, is deposited here, and is discharged outside from the dust exhaust port 5. The 
remaining detailed ammonium-sulfate particle is said-**(ed) by gas, reaches a gas outlet 3, and is led outside. 

TTiis high-pressure coaxial cable 17 serves as the duty of the transmission line for decomposition which is 150m in overall length and 
was already described, and the propagation velocity of the pulse voltage on it fulfills the conditions of the formula (4) as 0.2m /, 500ns 
of pulse width therefore, and the transmission line for separation ns. Consequently, to the pulse voltage of 500ns of width, although the 
corona electrode system in this example is a capacitive concentrated-constant load, it is impressed between the corona discharge 
electrode group 8, the counterelectrode group 6, and 6' by the wave with the ultrashort pulse high voltage almost as it is which has 
spread the cable top. Next, it is reflected and retixm and a following multiple echo are repeated for a cable 1 7 top to a pulse power 
source as the same polar pulse voltage. However, in case it is reflected from the corona electrode system with this steep ultrashort 
pulse high voltage which has a capacitive concentrated-constant load since a part contains a high high frequency component by 
starting, a capacitive component works as a short circuit mostly. Therefore, only this part is inverted and a reflective forward pulse 
wave becomes what contained the negative very short mustache-like pulse part only in that standup part. It prevents that a direct- 
current charge accumulates 24 in the core wire of a cable by the high resistance for charge leakage. 

The water solution thru/or suspension water of water, and a NaOH-Na2C03 and CaOH-CaC03 grade is supplied as a lean solution 
from the upper part of a counterelectrode 6 and 6' instead of pouring in ammonia by this example, you make it flow down this on a 
field along the front face of 6 and 6', liquid membrane may be made, the generation oxide of N02 and S03 grade may be made to 
absorb on this, and the gas cleanup effectiveness very high at this time can be attained. 

one line by which insulating firm bridging of Fig. 3 was carried out in the corona electrode system in the example of Figs. 1 and 2 on 
the perpendicular cylindrical counterelectrode 25 which served as touch-down casing, and its shaft — it is drawing of longitudinal 
section of the small exhaust gas denitrification and the desulfiirizing plant by this invention constituted only with the corona discharge 
pole 8. Further, omit the pulse power source 18, the ammonia container 20, this feed pipe 21, and the impregnation nozzle 22, and they 
are not drawn [ in / the name and function of an element of a number to result in 17 from 2 in drawing are the same as it of the element 
of the same number in Fig. 1 and Fi g. 2 , and / this Fig. ]. NOx introduced from the gas inlet 2 after adding ammonia gas, and the gas 
containing S02 complete denitrification and desulphurization reaction in the discharge chemistry operation with the streamer corona 
discharge of the shape of a forward pulse produced towards 25 to the utmost than the corona discharge pole 8, while going up the gas 
passageway 19 inside the cylindrical counterelectrode 25 which served as casing, and they are discharged outside from a gas outlet 3. 
Also in this case, it is not necessary to make the liquid membrane of the lean solution of N02 and S03 grade resultant on the wall of 
the cylindrical counterelectrode 25 instead of ammonia impregnation, and to say that this liquid membrane may be made to absorb 
these resultants. 

the top-horizontal -discharge support by which Fig. 4 removed the housing 7 in the example of Fig. 1 and Fig. 2 , and insulating 
support was carried out in the linear corona discharge electrode group 8 in the upper part at the up supporting insulator 26 ~ the 
bottom-horizontal-discharge support by which fixed to the conductor 27 and insulating support was carried out in the lower part at the 
lower supporting insulator 10 - it is one example of this invention which carried out fixed firm bridging and which was constituted 
through the insulating material 29 in the conductor 28, 

Although all elements other than [ in / other names and functions of an element of a number in drawing are the same as it of the 
element of the same number of Figs. 1 and 2 and / Fi g. 1 and Fig. 2 ] this (except for 7) exist also in this example, they are omitted, 
and they are not drawn. To Fig. 1 and Fig. 2 using the corona electrode system as a lumped parameter system, by this example, a 
standup is more steep, it only remains as it is, impression use is carried out [ the shorter forward ultrashort pulse high voltage of width 
is put on the forward bias direct-current high voltage or ], and the description is in the place using this ultrashort pulse high voltage as 
a progressive wave, namely, the wave front of the ultrashort pulse high voltage which invaded in casing 1 from the stanchion 12 
through the circuit changing switch 13 — top-horizontal-discharge support — a conductor 27 — minding — all lines with a die length of 
about 6m — it is distributed to the corona discharge electrode group 8, and goes on caudad in the direction of an arrow head 30. And 
the forward corona discharge of the shape of a powerful streamer is produced toward the counterelectrode group 6 and 6* in the 
meantime, and since energy is rapidly lost in that case and the wave height section suffers a loss, if it goes on about 3m, corona 
generating capacity will be lost. However, if it goes on 3 morem, it will result in the lower limit section of the open condition 
supported with the insulating material 29, and total reflection of this pulse height electrical potential difference is carried out to the 
same polarity, a penetration wave and a reflected wave lap, and peak value occurs twice [ about ] and produces peaking here. 
Collecting pulse generating capacity again as a result, a reflected wave produces the forward corona discharge of the shape of a 
powerful streamer for about about 3m, advancing toward the upper part. As a result, an angle corona discharge pole with an overall 
length of 6m will produce powerful forward corona discharge over ^e whole, and denitrification / desulfurization operation will be 
performed effectively. 

Thus, since attenuation of the wave height section by forward corona discharge is remarkable when using a forward pulse height 
electrical potential difference as a progressive wave, it is indispensable to use peaking together by considering termination as 
disconnection, still lengthening the corona transmission line not much — semantics — there is nothing — at most — if an overall length 
is not pressed down to about 6-1 Om, the part which corona discharge does not generate in the pars intermedia of a corona discharge 
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line will produce it. therefore, in order to process a lot of gas, the nuniber of juxtaposition electrodes of a corona electrode system is 
increased — ♦♦♦♦**~a case — casing 1 — the upper part — extending — the corona electrode system of the same structure as this part - 
- top-horizontal-discharge support ~ a reversal arrangement ♦♦** thing is arranged in the shape of symmetry as common in a 
conductor 27, and the need of lengthening the residence time is produced. Of course in this case, a porcelain tube 1 1 must be formed in 
the side attachment wall of casing 1 . Moreover, since the die length of each corona discharge line 8 is 6m and there is little attenuation 
accompanying the corona discharge under propagation on the line of a negative pulse voltage far when output voltage of a bias direct- 
current high voltage power supply and output voltage of an ultrashort high-pressure pulse power source are made into negative 
polarity by this example, a corona electrode system works as a lumped constant circuit Then, it is necessary to lengthen enough the 
high-tension cable 1 7 (not shown in drawing) to be used, and to consider as the transmission line for separation. While putting on the 
discharge electrode group 8 at the bias direct-current high voltage at this time, impressing the ultrashort pulse high voltage by the 
wave as it is and performing denitrification and desulfiirization, the electric charge of the dust and the generation ammonium-sulfate 
particle which were contained in exhaust gas is carried out, and uptake of this is carried out on the counterelectrode group 6 and 6* in 
an electrostatic precipitation operation, moreover, if a switch 1 3 is thrown into the left, the negative ultrashort pulse high voltage will 
be impressed by the direct corona electrode system ~ having - the inter-electrode electrostatic capacity of not only generating 
negative corona discharge but this corona electrode system — charging — direct-current electric field — formation — an electrostatic 
precipitation operation is produced too. However, when an anion produces migration and an anion current from the corona discharge 
region near die corona discharge pole toward a counterelectrode in this case, since the charge stored in the above-mentioned inter- 
electrode electrostatic capacity discharges and the electrical potential difference of the corona discharge pole 8 shows CR attenuation, 
it will be in the indentation, and becomes that to which the steep ultrashort pulse electrical potential difference lapped with that 
crowning. Moreover, if a cable 17 is shortened or it omits, the voltage waveform of a corona discharge pole will become that with 
which the RF damping oscillation by the coupled vibration which is the wave front section and was already stated to the above- 
mentioned saw-tooth wave lapped. 

TTie corona discharge pole 8 is laid in the middle of the touch-down counterelectrode group 6 which faces, and 6' in the shape of 
zigzag- one long line with which the overall length Lo is satisfied of the conditions of a formula (2) using the ultrashort pulse high 
voltage negative in Fig. 5 — And it considered as the corona transmission line by having considered termination as disconnection, and 
by this example, this equipment serves as the electrostatic precipitator with drawing of longitudinal section of the exhaust gas 
denitrification and the desulfurizing plant by this invention of the method to which negative corona discharge is made to perform, 
making a pulse voltage spread as a progressive wave. The perpendicular counterelectrode group 6 and 6' by which touch-down 
arrangement was carried out into casing 1 in drawing serve as the dust collecting electrode, the line by which firm-bridging 
immobilization was carried out at the insulated metal housing 7 through the porcelain tube 3, the lower insulating material 29, and the 
up insulating material 32 — the corona discharge electrode group 8 It connected in the corona 33 for peaking which served as lower 
connection lead wire by turns, and the corona 34 for peaking which served both as up connection lead wire, and while forming the 
corona transmission line 35 of long zigzag-like termination disconnection, it serves as the discharge electrode of an electrostatic 
precipitator. 

And the corona transmission-line group 35 arranged by juxtaposition between each counterelectrode is connected to a circuit changing 
switch 13 in the upper part of the input edge 36 through the common lead wire 37 for distribution and the porcelain tube 38 which 
were connected widi these. [ many ] In drawing of this example, while connecting with the negative output terminal of the bias direct- 
current high voltage power supply 15 through the ♦* style inductance 14, it connects with the negative output terminal of the high- 
pressure ultrashort pulse power source 18 which is not shown in drawing through the coupling capacitor 16 and the high-pressure 
coaxial cable 17. The regular negative direct-current bias high voltage is impressed to the corona electrical transmission track 35 by 
this. The negative ultrashort pulse high voltage advances into the interior of casing 1 as a progressive wave through a porcelain tube 38 
at this in piles. After being distributed through a conductor 37, it is impressed by the input edge 36 of each corona transmission line 
35. common — The denitrification and de** of exhaust gas which include negative corona discharge for penetration **♦* NOx and 
S02 in casing 1 from an inlet port 2 beforehand in generating and its discharge chemistry operation covering an overall length after 
adding ammonia are performed going on 35 tops in the shape of zigzag in the direction of an arrow head 39. Moreover, the dust to 
which the anion produced in negative corona discharge at this time floated in gas, and the electric charge of this is powerfully carried 
out to negative, therefore KURONKA separates from gas and uptake of the dust is carried out to the front face of the dust collecting 
electrode group 6 which served as the counterelectrode, and 6'. Under the present circumstances, S02 oxidizes to S03 and uptake also 
of the ammonium-sulfate particle which combined with NH3 further and was produced is similarly carried out to the front face of 6 
and 6' by electrostatic precipitation operation. Therefore, this dust collecting electrode group 6 and the dust layer by which uptake was 
carried out by giving a mechanical shock to 6' with hammering equipment 40 fall caudad, and is accepted in a hopper 4. In this case, 
that particle size of an ammonium-sulfate particle is very fine, and it is deposited also on the corona discharge electrode group 8, since 
there is an inclination which controls corona discharge, with another hammering equipment 4 1 , hammers the housing 7 of 8 and 
removes this. The clarification gas removed in NOx, S02, and dust is led to a direct stack. The progressive wave pulse height 
electrical potential difference of negative polarity does not generate the corona discharge of the shape of a long streamer which bridges 
inter-electrode compared with it of straight polarity, but corona discharge is limited to the near field of a corona discharge pole. 
Therefore, a gas passageway has being filled [ little ] with positive/negative amphipathy ion with the operation to which it is filled by 
only the unipolar anion which flows toward a counterelectrode from a corona discharge field, and the whole gas gap discharges a 
particle charge like a forward streamer corona. As a result, by negative corona discharge, the electric charge by the anion 
bombardment to a dust particle of a gas passageway becomes almost possible in the whole region, and an electrostatic precipitation 
operation is discovered. That is, in order to carry out the denitrification and the desulfurizing plant by this invention and to serve as 
and close an electrostatic precipitator, it is indispensable conditions to iise the negative ultrashort pulse high voltage, however — since 
a negative corona is localized only to the near region of a corona discharge pole like **** — (1) — denitrification and desulfiirization 
are performed only in the field, but since the use effectiveness of space is bad, a big tooth space and the long residence time are 
needed. (2) moreover, there is little energy expenditure per corona discharge pole unit lengdi, and compared with a forward pulse, the 
deficit of the wave height section of the ultrashort pulse high voltage accompanying corona discharge boils only the part 
accompanying the localization of a corona markedly, and decreases. If it puts in another way, the effective length in whom corona 
discharge Narimasa on the corona transmission line is possible will become long. However, the property of (1) and (2) is convenient 
rather, when performing denitrification and desulfurization within the electrostatic precipitator of the large volume. It is the same as 
the case where the forward ultrashort pulse high voltage is used that it is necessary to open termination wide in this case, of course, 
and to perform peaking. 

when a circuit changing switch 1 3 is thrown into the left by this example, the negative bias direct-current high voltage power supply 
1 5 is separated, and the negative ultrashort pulse high voltage is common to distribution from the direct cable 1 7 — it is impressed by 
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each corona transmission line 35 through a conductor 37, and a it top is spread as a progressive wave pulse height electrical potential 
difference. In this case, if peak value of a pulse height electrical potential difference is made sufficiently high, powerful negative 
corona discharge will be generated and denitrification / desulfiirization operation will be demonstrated. Moreover, the damped 
oscillation of a pulse voltage with the electrical potential difference of the corona discharge pole 8 steep in the wave front section of 
the negative saw-tooth wave electrical potential difference by CR attenuation or high frequency becomes what lapped (when it 
shortened, or it takes and a cable 1 7 is removed) at the already explained reason, a direct-current electric-field component appears in 
an inter-electrode gas passageway, and electrostatic precipitation of dust and a generation ammonium-sulfate particle is performed. In 
this example, the direction of the inductance value of the peaking coil 34 above the inductance value of the lower peaking coil 33 
serves as size, the surge impedance of the transmission line in an inserting point is raised one by one, and peaking of a pulse voltage is 
performed by this. As a result, the pulse height section is gradually lost by the corona discharge under propagation, and it can prevent 
that corona discharge becomes weaker. An option as shown below can also perform such peaking. 

namely. Fig. 6 (a) — the example of Fig. 5 — setting — the corona transmission line 35 — two or more parallel connection *♦*♦ — a line 

— the series connection of the group (it is called a stage below) of the corona discharge pole 8 is cairied out further, he is formed, and 
peaking of a pulse voltage is performed by carrying out sequential reduction of the juxtaposition corona discharge pole, and going up 
the surge impedance of the transmission line. It consists of parallel coimection of the corona discharge pole 8 having been carried out. 
this example — the line of a first stage — vertical [ by which insulating support was carried out at the metal housing 7 at the insulating 
materials 32 and 29 of the fixed **♦* upper and lower sides ] level [ the corona discharge electrode county 42 ] support — conductors 
43 and 44 - the line of three firm-bridging fixed ♦♦♦* - level support of the upper and lower sides with 45 [ step / 2nd / same ] — 
conductor 43' and 44' - parallel connection **♦♦ of two firm-bridging ***♦ — a line ~ corona discharge pole 8' — It consists of 8" of 
corona discharge poles, the 3rd — step 46 — the upper and lower sides — insulating materials 32 and 29 — the line of one firm-bridging 
fixed ♦♦*♦ ~ Series connection of each stage of 42, 45, and 46 is carried out by cormecting the upper limit of 8" of corona discharge 
poles with a conductor 44, 44', and 43'. respectively — a lower limit and upper limit — connection lead-wire 33' and 34* — level support 

— The corona transmission line 35 of termination disconnection where surge impedance goes up from the input edge 36 to a three- 
stage toward termination 47 is formed. Thereby, by corona discharge, peaking with the sufficient progressive wave pulse voltage 
which suffered a loss in the wave height section is performed, and homogeneity and flourishing negative corona discharge appear 
covering the overall length of this corona transmission line. The names and functions of an element of a number other than die above 
in this drawing are the same as it of the element of the same number of Fig. 1 , Fig. 2 , and Fig. 5 . However, the container 20 of 
ammonia, the impregnation pulse 21, the impregnation nozzle 22, the ** style inductance 14 connected with a circuit changing switch 
13, the bias direct-current high voltage power supply 15, a coupling capacitor 16, the high-pressure coaxial cable 17, and the high- 
pressure ultrashort pulse power source 1 8 are omitted, and are not drawn on this Fig. 

Fig. 6 (b) — Fig. 6 (a) - setting — juxtaposition — a line — by turning caudad the width of corona discharge pole 8a and 8a' from the 
upper part, and reducing instead of reducing a corona discharge pole serially and performing peaking It is what reduced these 
counterelectrodes 6 and the electrostatic capacity to 6', turned surge impedance caudad, raised it continuously, and performed peaking, 
and the method of this example is suitable as an approach of performing the peaking simply especially at the time of impression of the 
forward ultrashort pulse high voltage. Such corona discharge pole 8a and 8a' are called peaiking-discharge electrode. The names and 
functions of an element of a number other than 8a in drawing and 8a' are the same as it of the element of the same number of Fig. 6 
(a), and further, in drawing, the ** style inductance 14, the forward bias direct-current high voltage power supply 15, the forward 
high-pressure ultrashort pulse power source 18, and the high-pressure coaxial cable 17 are omitted, and they are not drawn. 
Fig. 7 is equipment which constitutes a 3 electrode type corona electrode system from drawing of longitudinal section of one example 
with the corona discharge pole 8, the third electrode 47 of a non-corona and the counterelectrode 6 of the pair of these both sides, and 
6' now [ of this invention ], and constitutes this as the long corona transmission line 35, and was made to perform denitrification, 
desulfiirization, and dust collection of exhaust gas. drawing ~ setting — middle — a standard — 48 — ' — having — un — a corona — the - 

— three — an electrode — 47 — having served — a metal — a housing — seven -_♦♦**♦*__ perpendicular — a metal — *♦*♦ — 48 - 48 ~ ' 

— 48 — " — middle — This and parallel insulate from this and the corona discharge pole 8 and 8' are arranged in them, a line — Firm- 
bridging immobilization is carried out with the up insulating material 32 fixed to the porcelain tubes 31, 49, 50, and 27 which 
penetrate conductors 27 and 28. level support of the upper and lower sides of a housing 7 — A corona discharge pole is formed, and 
series connection is carried out by connection lead-wire 33' — having — the line of long termination disconnection of one — The four 
partial corona transmission lines are formed between third electrode of non-corona 48-48* of the pair of each both sides, 48'-48" and 
the counterelectrode 6 of a pair, and 6', and these form the one corona transmission line 35 by which parallel connection was carried 
out. The metal housing 7 is connected to the negative output terminal of the bias direct-current high voltage power supply 1 5 through a 
stanchion 12, lead wire 58, the switch 51, and the ** style inductance 14, and the negative bias direct-current high voltage is impressed 
also to the corona discharge pole 8 through the 2 ream circuit changing switch 52, lead wire 53, and the high resistance 54 for leakage. 
The core wire 56 of the high-pressure coaxial cable 17 with which the envelope 55 was insulated, an envelope 55 and lead wire 53, the 
circuit changing switch 52 of 2 ream, and lead wire 57 and 58 are minded, the conductor from the high-pressure ultrashort pulse power 
source 1 8 insulated now — It is impressed with the polarity which makes the former negative through a conductor 37 and the metal 
stanchion 1 2 between the input edge 36 of the long corona discharge pole 8, and the upper left edge 59 of the metal housing 7. the 
supplied ultrashort pulse high voltage is common to distribution — Subsequently, the juxtaposition corona transmission line which 
consists of 8-48, 8-48', 8-6, and 8-6', Subsequently, the juxtaposition corona transmission line of the termination disconnection which 
consists of 8'-48*, 8*-48", 8'-6, and 8-6' is spread as a progressive wave pulse height electrical potential difference. Maiiily it goes 
between them than 8, goes to 48' and 48" ffom 48, 48', and 8', powerful negative corona discharge is performed, and desulfiirization 
and denitrification of exhaust gas are performed. Moreover, the anion produced at this time is driven to a counterelectrode 6 and 6' in 
an operation of the direct-current electric field currently formed in the gas passageway in the operation of the bias direct-current high 
voltage power supply 1 5, the dust and the generation ammonium-sulfate particle in exhaust gas in the meantime, carries out the 
electric charge of this to negative, and it carries out separation uptake on the counterelectrode 6 which served as the dust collecting 
electrode in the operation of KURONKA, and 6'. Since the 3rd electrode 47 of a non-corona is used, the description of this method can 
select sufficiently small the distance of this, and the corona discharge pole 8 and 8', and even if it makes comparatively low the value 
of the output pulse electrical potential difference of a high pressure ultrashort pulse power source, it is that it can form easily the high 
electric field which satisfy the electric field value conditions for denitrification and desulfiirization of this invention between two 
electrodes. Of course, if it progresses even if a part of negative corona goes to a counterelectrode 6 and 6' in [ ' / the corona discharge 
pole 8 and / 8] this case, and output voltage of the bias direct-current high voltage power supply 15 is made sufficiently high, 
denitrification and desulphurization reaction will be performed also in the gas passageway 19 between the corona discharge pole 8, 8', 
and a counterelectrode 6 and 6'. In addition, if the 2 ream circuit changing switch 52 is thrown into the right, switched on [ 5 1 ], since 
the ultrashort pulse high voltage supplied through a cable 17 from the high-pressure ultrashort pulse power source 1 8 will be 
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impressed to lead wire 57 and 58 through coupling-capacitor 60* and 60, the need for an insulation of this high-pressure ultrashort 
pulse power source 1 8 is lost, and it can also ground the envelope 55 of the high-pressure coaxial cable 17. Although the bias direct- 
current high voltage stops building over the corona discharge pole 8, and 8' and the third electrode of a non-corona and denitrification / 
desulfurization operation is continued if a switch 5 1 is turned off, an electrostatic precipitation operation disappears. 
Carry out fixed firm bridging and it uses for conductors 27 and 28. Fig. 8 — drawing of longitudinal section of one example of the now 
of this invention - it is ~ the 7th drawing 7 Fig. - setting — instead of [ of the third electrode 47 of a non-corona ] — a line — level 
support of the upper and lower sides of the corona discharge pole 61,61', and the third electrode 62 of a corona that consists of 61" — 
6 1 -61', the corona discharge pole 8 of a line [ middle / 6 r-6 1" ], and 8' — the upper part — setting — top-hohzontal-discharge support — 
the porcelain tube 31 which penetrates a conductor 27, and 31* — caudad — setting — bottom-horizontal-discharge support — it lays by 
the insulating material 29 and 29* which were fixed to the conductor 28, and insulating arrangement is carried out. the upper limit of 8 
and 8' is common to distribution - it connects with a conductor 37 and connects with a porcelain tube 38, lead wire 57, and the core 
wire 56 of the high-pressure coaxial cable 17 connected to the forward output terminal of the high-pressure ultrashort pulse power 
source 18 insulated through the 2 ream circuit changing switch 52. moreover, top-horizontal-discharge support — a conductor 27 is 
connected with the forward output terminal of the bias direct-current high voltage power supply 15 through the metal stanchion 12, 
lead wire 58, a switch 51, and the ** style inductance 14 in the right end — having — further - the conductor with which the above- 
mentioned high-pressure coaxial cable 17 was insulated through the 2 ream circuit changing switch 52 — it connects with the envelope 
55. The high resistance 54 is always 8minded [ the corona discharge pole 8 and ]. therefore, a line — The forward bias direct-current 
high voltage is impressed to the touch-down counterelectrode 6 and 6' like die third electrode 61 of a corona, 61*, and 61**. a line — The 
ultrashort pulse high voltage is impressed to this at the corona discharge pole 8 and 8* with the ♦♦♦♦ polarity which makes 8 and 8' 
straight polarity to 61, 61', and 61" in piles. In this case, it goes to 8 from 61 and 61* first in the process which the wave fi-ont section 
with the steep ultrashort pulse high voltage spreads toward the bottom fi-om a top. Moreover, negative streamer-like corona discharge 
arises toward 61" to 61' and 8'. Are induced by this, and toward 8 to 61, 61' and 6, and 6', powerfiil forward streamer-like corona 
discharge arises toward 61* [ from 8' ], 61" and 6, and 6', and between both corona discharge poles and the corona discharge pole 8, 8' 
and a counterelectrode 6, and the gas passageway 19 between 6' are bridged. Denitrification and desulfurization of exhaust gas are 
performed. In this case, since the die length of 8 and 8' serves as an open end in which it is about 6m and a peaking operation has a 
lower limit, uniform positive/negative corona discharge is produced covering the overall length of about 6m in spite of the remarkable 
deficit of the ultrashort pulse high- voltage wave height section accompanying forward corona discharge in the already explained 
reason. The advantage when also making the third electrode into a corona discharge pole like this example (1) Discharge chemistry- 
denitrification / desulfurization operation by the third electrode 61,61', and the outrider negative corona discharge fi-om 61" is added, 
(2) An electron is beforehand generated by both corona inter-electrode and the gas passageway 19 according to the ionization by 
collision and photo ionization operation by this streamer-like outrider negative corona discharge. The negative corona streamer which 
moreover extended to the corona discharge pole 8 and near 8* Since powerful electronic space charge electric field are produced in the 
front face of 8 and 8', the next moment, fi-om 8 and 8', extremely, it becomes powerful and the streamer corona discharge of right 
****** is in stability and the point that denitrification / desulfurization operation is demonstrated more effectively. It is the same as 
that of the example of Fig. 7 that it will become unnecessary to insulate the high-pressure ultrashort pulse power source 18 if the 2 
ream circuit changing switch 52 is moved to the right. Moreover, since the forward bias direct-current high voltage will no longer be 
impressed to 8, 8', 61, 61*, and 61*' if a switch 51 is turned off, direct-current bias electric field are lost to a gas passageway. Although 
progress of the forward streamer corona discharge from 8 at die time of ultrashort pulse high- voltage impression and 8* to 6 and 6* 
becomes weaker and die denitrification / desulfurization effectiveness decreases, the dust collection effectiveness appears. 
Fig. 9 is an example of an operation ♦*♦* thing about this invention with the corona electrode system of 2 electrode types which made 
the counterelectrode itself the corona discharge pole. It is thrust into the spiral sulcus of the supporting insulators 66 and 67 which - 
have the double helix slot which 63 and 64 are die double helix electrodes of the place which consists of two strands which have a 
rectangle cross section, respectively, and was fixed to the head lining 65 of casing 1 in the vertical edge, respectively, and the 
supporting insulators 68 and 69 which have the double helix slot fixed to the level beam 9 in drawing, and insulating firm bridging is 
carried out. And two strands, 63 and 64, 70-71 and 72-73 are mutually connected by the connection lead wire 74 and 75 in the lower 
limit, thereby, series connection of 63 and 64 is carried out, and they form the corona transmission line of one termination 
disconnection, and the input edge 79 — lead wire 76 and 77 and a porcelain tube 7 — minding — the core wire 56 of the high-pressure 
coaxial cable 17, and the grounded conductor - it connects with an envelope 55 and this connects with the high-pressure ultrashort 
pulse power source 1 8. The ultrashort pulse high voltage now impressed to the above-mentioned input edge 79 is caudad spread along 
with two strands 70 and 71 of the double helix electrode 63 as a progressive wave, and it moves to the lower limit of the double helix 
electrode 64 through 74 and 75 subsequently, spreads up along with the strands 72 and 73, and results in the disconnection termination 
80, total reflection is carried out here, and peaking is performed. Along with the whole strands 72 and 73 of the strands 70, 71, and 64 
of 63, powerful negative streamer-like corona discharge and the powerful forward streamer-like corona discharge which bridges 
between both strands are generated toward a partner strand from both strands in this tubing, and the denitrification and desulfurization 
of exhaust gas which were introduced from the upper inlet port 2 of addition of ammonia gas are performed. The purified gas is 
discharged after removing ammonium-sulfate dust through a dust collector to a stack from an outlet 3. 40 and 40' is hammering 
equipment attached for head lining 6, by the hammering impact, makes the downward hopper 4 fall and discharges outside the 
ammonium-sulfate dust which carries out adhesion deposition on the strand of a double helix electrode from an exhaust port 5. the 
description of this example — both components - a line — corona discharge — a pole — it is having used the double helix electrode and 
the advantage on the structure where the already described common-like synergism of a ****** corona and a forward corona raises 
the denitrification / desulfurization effectiveness, and the space duty cycle of an electrode can be improved further, and the electrode 
of an a large number book can be attached easily is large. 

Fig. 10 (a) shows one circuit system of the high-pressure pulse power source for generating the pulse height electrical potential 
difference with very short width used for this invention. In drawing, it connects with the upstream of a step-up transformer 82 by the 
low voltage main power supply, 81 supplies alternation principal voltage, the with a peak value [ of 150kV ] alternating current high 
voltage is generated in secondary [ the ], and this charges the tank capacitor 86 at negative 150kV through a half wave rectifier 83, 
protective resistance 84, and the ** style inductance 85. In this case, since the tank capacitor 86 is charged from null voltage to peak 
voltage with alternating voltage, the loss of circuit accompanying charge stops at a very small value peculiar to alternating current 
charge. Within the period of this charge half period, the rotation sparking electrodes 91, 92, 93, and 94 fixed to the rotator 90 insulated 
from the earth of the rotation spark switch 89 by which it is placed between the fixed sparking electrodes 87 and 88 connected to the 
end of this tank capacitor 86 and the end of the high-pressure coaxial cable 1 7 with the include angle of 90 degrees are all keeping 
away from 87 and 88 with sufficient separation, and a spark does not occur into this part. Namely, the rotator 90 insulated from the 
earth which this rotation spark switch 89 has the include angle of 90 degrees, is arranged, and has the sparking electrodes 91-94 of four 
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flow *♦** mutually. With the motor which the frequency of the above-mentioned secondary alternating current high voltage 
synchronizes, and is made to rotate this The rotation sparking electrodes 91-94 are being isolated from the fixed sparking electrodes 87 
and 88 at the half period which has a rectifier 83 in switch-on exactly. Next, the polarity of the next half cycle of alternation principal 
voltage, therefore the secondary alternation electrical potential difference of a step-up transformer 82 is reversed. To the appearance 
which two pairs of rotation sparking electrodes 91-93 and any one pair of 92-94 approach [ appearance ] the fixed sparking electrodes 
87 and 88 one by one within the period of the half period when the rectifier 83 changed into the inhibition condition, and generates a 
spark, in an operation of a phase adjuster 95 The phase of supply voltage. Therefore, it consists of the synchronous motor 96 by which 
the rotation phase was controlled. When the rotation spark switch 89 turns on by the spark now, the charge electrical potential 
difference of the tank capacitor 86 is the surge impedance Z of a coaxial cable 1 7. Discharge and its CR discharge wave spread to the 
method of the right as progressive waves of the negative ultrashort pulse high voltage through (the pure resistance R). It enters through 
a coupling c^)acitor 16 in the exhaust gas denitrification and the desulfurizing plant 97 by this invention, the long line of the sh^ of 
zigzag of the place to which the negative bias direct-current high voltage is beforehand impressed through the ** style inductance 14 
by the negative direct-current bias high voltage power supply IS — it is impressed by the corona transmission line 35 which consists of 
a corona discharge pole, and denitrification and desulfiirization / dust collection operation is performed. 

It is the example of Fig. 10 (a), and Fig. 1 0 (b) shows the circuit system of the example of the ultrashort pulse high voltage power 
supply which should be used for this invention which the low voltage alternating current main power supply 81 consisted of the series 
connection circuit of the thyristor 99,100 of commercial-frequency AC power supply 98 and antiparallel connection, and used the full 
wave rectifier 101 instead of the half wave rectifier 83, and all other elements of it are the same as that of Fig. 10 (a) except for the 
control signal section 102 of a thyristor 99,100. Synchronizing with alternating current principal voltage, you supply a control signal to 
• a thyristor 99,100 from the control signal section 102 by turns at the suitable phase time for every half wave of tfie, and make it flow 
through this in this example. When another control signal is further sent to a phase adjuster 95 through lead wire 103, this controls the 
rotation phase of a synchronous motor 96 and a thyristor 99,100 is in an ON state, the fixed sparking electrodes 87 and 88 and the 
rotation sparking electrodes 91-94 of the rotation spark switch 89 are being isolated enough, and do not generate a spark, but only 
when a thyristor 99,100 is an OFF state, tfie above-mentioned sparking electrode approaches and he is trying to generate a spark from 
the control signal section 102. 

Fig. 1 1 shows the corona transmission line 35 of Fig. 10 (a) and (b), and the wave of a counterelectrode 6 and the electrical potential 
difference V produced between 6*, and t shows time amount. A voltage waveform becomes the negative bias direct-current high 
voltage Vd with what the negative ultrashort pulse high voltage superimposed periodically. Therefore (Vd+****), it becomes the peak 
value (peak) value of the electrical potential difference which joins the gas passageway between two electrodes, and only the part of 
Vd can reduce the output voltage of a pulse power source, and it becomes economical. In this case, since the anion generated with the 
negative ultrashort pulse high voltage is driven to a counterelectrode 6 and 6' with the negative bias direct-current high voltage, it 
carries out the electric charge of the dust in exhaust gas, or the produced ammonium-sulfate dust by desulfiirization by bombardment 
of an anion. And since direct-current electric field exist in a gas passageway with the above-mentioned bias direct-current high 
voltage, a drive and electrostatic precipitation operation of carrying out uptake appear in a counterelectrode 6 and 6' the particle by 
which it was electrified [ this ]. However, if it always impresses the bias direct-current high voltage to the corona discharge pole in 
using the forward ultrashort pulse high voltage especially (the equipment volume is sharply reducible in this case) when not aiming at 
dust collection but aiming only at denitrification and desulfurization of exhaust gas, since ion will move by direct-ciurent electric field, 
the ion current will flow and remarkable energy loss will be produced in connection with this, it is not sometimes desirable. In this 
case, if a bias pulse height electrical potential difference with the easy width of formation instead of direct current voltage large as a 
bias high voltage is used, the power loss by the ion current can be reduced sharply, and it is convenient. 

Fig. 12 is an example of the high-pressure ultrashort pulse power source which used together such a bias pulse height electrical 
potential difference for using for this invention. 104 with a high-pressure ultrashort pulse power source The low voltage main power 
supply 81, a step-up transformer 82, The full-wave-rectification machine 101, the attenuation resistance 84, the ** style inductance 85, 
the capacitor 105 for pulse-shape shaping that served both as the coupling capacitor, leakage resistance 106, and the fixed sparking 
electrode 107 and four rotation sparking electrodes 91, 92, 93, and 94 attached for the grounded rotator 89 top. The synchronous 
electric machine 96 for a drive, its phase adjuster 95, and its control signal section 108 consist of connection and the arranged thing 
like illustration. Moreover, 1 09 is a high-pressure bias pulse power source for generating a bias pulse height electrical potential 
difference. The low voltage commercial frequency power source 1 10, a step-up transformer 1 1 1, the full-wave-rectification machine 
112, the attenuation resistance 1 13, the ** style inductance 1 14, the tank capacitor 115, the thyristor switching device 1 16, the rectifier 
1 18 connected to this and reverse juxtaposition, the control signal section 108 of a switching device 1 16, The protective resistance 121 
of the inductance 1 1 7 for resonance, a rectifier 1 1 8 and the serial small protection inductance 1 1 9, the thyristor switch 1 20 for 
residual-voltage reset, and its control signal section 108,120, circuit changing switches 122 and 123, the pulsing transformer 124 for 
pressure ups, The small protection inductance 125, the high-pressure lead wire 126,127,128 and the touch-down lead wire 129, and an 
output terminal 130,131 consist of connection and the arranged thing like illustration, the input edge of the cable 17 with which the 
output terminal 132,133 of the high-pressure ultrashort pulse power source 104 served as the transmission line for separation — it is — 
the core wire 56 and conductor — it connects with an envelope 55 — having — the outgoing end of a cable 1 7 — core wire 56 — the 
corona discharge electrode group 8 of denitrification and a desulfurizing plant 97 — moreover, a conductor — the envelope 55 is 
connected to the counterelectrode group 6 and 6' which were grounded. Moreover, the output terminal 130,131 of the source 109 of 
bias pulse height piezo-electricity is connected to the output terminal 132,133 of the high-pressure ultrashort pulse power source 104, 
respectively, as shown in drawing. When the circuit changing switch 122,123 is now thrown in like illustration, the pulsing 
transformer 124 is separated. When the output voltage of the point ****** main power supply 81 takes the value near a zero value, the 
signal is told to the control signal section 108 through lead wire 134, the control signal for triggers is given to the control grid of a 
thyristor 1 16 through lead wire 135 from here, and 1 16 turns on. By this The fonvard direct-current high voltage of the tank capacitor 
1 15 which has the electrostatic capacity Co big enough minds the inductance 1 17 for resonance of the inductance value L, lead wire 
126 and 127, the protection inductance 125, an output terminal 130,132 and lead wire 129, and output terminals 131 and 133. 
Furthermore, it is impressed through a cable 17 between the corona discharge electrode group 8 of denitrification and a desulfurizing 
plant 97, the counterelectrode group 6, and 6'. Resonance charge of the inter-electrode electrostatic capacity CI is carried out by the 
transient vibration of L and CI of 1 1 7 to twice [ about / about ] as many electrical-potential-difference (peak value) +Vpo as the charge 
electrical potential difference Vo of a capacitor 115. However, it has considered as Co»Cl. Next, similarly the electrical potential 
difference Vpo of CI discharges toward Co of the tank capacitor 1 15 through the resonance inductance 1 17, a rectifier 118, and the 
protection inductance 1 19 by the transient vibration of L and CI, and the forward bias pulse height electrical potential difference of the 
corona discharge electrode group 8, the counterelectrode group 6, and the peak value Vpo with the large width to which that width 
becomes settled in L and CI between 6' is impressed in process of this round term. However, since this accumulates and the transient 
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vibration by L and CI itself stops occurring when the direct-current smallness electrical potential difference Vr always remains 
between terminals 130,131 for the loss of circuit and this is left, a trigger signal is given from 108 to the thyristor switch 120 for reset 
through lead wire 136 in the end of a round term, this is turned on, and residual voltage discharges through the small protective 
resistance 121 and this thyristor 120. In this case, although this residual voltage Vr will discharge through the secondary winding of a 
pulsing transformer 1 24 while this thyristor switch 1 20 for reset is separated, a pulsing transformer 1 24 is connected and the pressure 
up of the above-mentioned bias pulse height electrical potential difference is performed if a circuit changing switch 122,123 is thrown 
into an opposite direction, respectively, loss of a pulsing transformer is added. Now, when the above-mentioned bias pulse height 
electrical potential difference reaches the peak vaJue Vpo, The slip ring 137 of the control **** rotating type spark switch 89 is 
minded for the rotation phase with the phase adjuster 95 controll«i by the signal from 108, Any of the rotation sparking electrodes 91- 
94 arranged with the angle of rotation of 90 on a conductor 90 they are approaches the fixed sparking electrode 1 07, and a spark is 
produced, the grounded rotator — The charge electrical potential difference of the capacitor 105 for pulse-shape shaping of the 
electrostatic capacity C which served as the coupling capacitor It discharges through the surge impedance Zo (=R) of this rotation 
spark switch 89 and the high-pressure coaxial cable 1 7 which served both as the transmission line for separation. The forwaid 
ultrashort pulse high voltage of the very short peak value Vpo of the width produced in CR discharge in that case spreads a cable 17 
top on the right as a progressive wave. Superimpose, as an inhibition operation of the inductance 125 which does not let this steep 
pulse pass shows to Fig. 13 at the peak value Vpo of the above-mentioned bias pulse height electrical potential difference, and it is 
impressed between the corona discharge electrode group 8, the counterelectrode group 6, and 6*. The distance-average field strength in 
said superimposed electrical potential difference (Vpo+****) is formed in a gas gap, and effective denitrification / desulfiirization 
operation is attained with remarkable high power efficiency. 

Fig. 14 (a) shows one circuit system now [ of the high-pressure ultrashort pulse power source for generating the ultrashort pulse high 
voltage for using for this invention ]. The name and function of the element which results in 106 from 6 in drawing are the same as it 
of the element of the same number in Fig. 10 (a) and (b). however — as the capacitive energy storage element for pulse shaping at this 
example - instead of [ of a capacitor 86 ] - high-pressure coaxial cable 17 self — using it — cost reduction - measuring - ~ the 
input edge 138 — core wire 16 and a conductor — the electrostatic capacity between envelopes 15 is charged through the small 
resistance 139 for attenuation, and the ** style inductance 140,141 from tiie tank capacitor 86 charged by the forward high voltage. 
Next, the **** spark switch 89 is connected to the core-wire side outgoing end 142 of this high-pressure coaxial cable 17 through lead 
wire 143. If this turns on, the charge electrical potential difference of a coaxial cable 17 minds a coupling capacitor 16 as a forward 
progressive wave pulse height electrical potential difference of the short paddle square wave of widdi. By the forward bias direct- 
current high voltage power supply 1 5 It superimposes on the forward bias direct-current high voltage given, and is impressed between 
the corona discharge electrode group 8 of denitrification and a desulfurizing plant 97, the counterelectrode group 6, and 6', and 
denitrification desulphurization reaction is performed. If a circuit changing switch 13 is thrown into the left, whenever the charge 
electrical potential difference of 1 7 which starts with the time constant in which the fixed sparking electrode 144,145 constitutes the 
fixed spark switch 147 of a suicidal-explosion mold, and becomes settled in the electrostatic capacity of resistance 139 and a coaxial 
cable 1 7 will surpass the sparking voltage of this spark switch 147, a spark occurs here, the ultrashort pulse high voltage is supplied to 
inter-electrode [ of 97 ], and denitrification desulphurization reaction is performed. It is reflected, it is reflected, without advancing 
into the interior of a power source more than it in an inhibition operation of the "i** style inductance 140,141, although it returns to hard 
flow, and it is decreased, this ultrashort pulse high voltage repeating a multiple echo below. 

Although the high-pressure coaxial cable 17 is used as a capacitive energy are recording element in this example instead, LC ladder 
mold energy are recording element 17a which connects inductance 140a and 140a'— with 86a and 86a*— at a ladder mold, and changes 
as shown in Fig. 14 (b) can also be used. 

Fig. 15 shows one circuit system now [ of the high-pressure ultrashort pulse power source which should be used for this invention ], 
and uses the suicidal -explosion mold fixed spark switch 147 which consists of a fixed sparking electrode 107 and a grounding working 
fixed sparking electrode 1 46 instead of the touch-down rotation spark switch in Fig, 1 2. The forward direct-current high voltage power 
supply 148 and output voltage of output voltage Vo - The capacitor 105 for pulse-shape shaping which served as the coupling 
capacitor through the attenuation resistance 84 and the style inductances 140 and 14 by the negative bias direct-current high voltage 
power supply 15 of Vb is charged by the electrical potential difference of Vo+Vb with the polarity of illustration. As opposed to the 
corona transmission line 35 of the denitrification and the desulfurizing plant 97 to which a spark will occur between sparking 
electrodes 107,146 in suicidal explosion if the charge electrical potential difference surpasses the spark generated voltage of the spark 
switch 147, the potential of one terminal 149 of this capacitor 105 turns into ground potential in an instant, the other-end child 150 
becomes - (Vo+Vb), and the bias direct-current high voltage of -Vb is already given - The electrical potential difference of Vo is 
added. It charges again with the time constant in which the following moment capacitor 105 becomes settled in the electrostatic 
capacity of 105, and resistance of 84 according to power sources 148 and 15, and is restored to the original condition, the spark switch 
147 turns on again, and this actuation continues below. In this process - Vo carries out CR attenuation with the above-mentioned time 
constant, and that CR attenuation voltage waveform serves as a necessary ultrashort pulse high voltage. In this case, both spacing 
changes with consumption of a sparking electrode 107,146, it originates in this and the sparking voltage of the spark switch 147 rises, 
since a rise and its frequency fall of a pulse voltage are produced, this is inputted into the sparking- voltage control unit 153 after that a 
potentiometer 151,152 detects sparking voltage, the control drive of the control unit 154 which grasped the sparking electrode 146 is 
carried out in the upper part so that sparking voltage may become fixed, spark spacing is controlled, and sparking voltage is kept 
constant. 

In order to use the gas cleanup equipment by this invention for an actual emission-gas-purification process, diere are various use 
gestalten. (a) - (e) of Fig. 16 shows some of the examples. Gas cleanup equipment **** according [ the part 155 which gave the slash ] 
to this invention. This drawing (a) installs this equipment 155 which used the forward pulse height electrical potential difference in the 
middle of an exhaust gas duct, and forms the agent feeding equipment 157 which consists of the container 20 of which pours in 
suitable additives, such as inside of the exhaust gas of the upstream duct 156, for example, ammonia etc., a filling pipe 21, and the 
impregnation nozzle 22. This drawing (b) the gas cooling tower 158 for cooling exhaust gas to the upstream and rnaking gas cleanup 
effectiveness, such as denitrification desulfiirization, temperature improve further in the bottom moreover, the downstream — an 
ammonium sulfate — the bag filter for carrying out uptake of the generation particle of a column — It is what formed the suitable after- 
treatment equipments 159, such as a scrubber for absorbents, such as water, a NaOH water solution, and Na2C03 water solution or 
milk of lime, to remove the water-soluble gas resultant of a scrubber thru/or N02, and S02 grade, and 1 60 is a stack. This drawing (c) 
is what prepared gas cleanup equipment 155,155' by this invention in the inlet-port duct 156, completes gas cleanup reactions, such as 
denitrification desulfurization, in the short residence time using the forward ultrashort pulse high voltage, respectively to 155,155', and 
carries out electrostatic precipitation of the generation particles, such as an ammonium sulfate, to the upstream settling chamber 161 of 
the electrostatic precipitator 164 which consists of three settling chambers 161,162,163 by settling chambers 162 and 163 with the dust 
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in exhaust gas. This drawing (d) uses the negative ultrashort pulse high voltage for the negative direct-current bias high voltage in 
piles in drawing (c) at all the settling chambers 161-163, and is a ********** thing about the gas cleanup by this invention, and the 
dust collection by the negative pulse electric charge of the electrostatic precipitator itself. Hiis drawing (e) attaches the gas cleanup 
equipment 155 by this invention after the suitable pre-treatment equipments 165, such as an exhaust gas desulfurizing plant by the 
conventional wet scrubber method, a bag filter, and an electrostatic precipitator. 

in addition, this invention — for example, the interior of the cylindrical bag filter for dust collection — a line — the *♦**♦♦♦* type bag 
filter which prepared the corona discharge pole — setting — this ~ a line — it is not necessary to say that the ultrashort pulse hi^ 
voltage may be carried out to the corona discharge pole by [ direct ] being, carrying out and being impressed by the bias direct-current 
high voltage in piles through a coupling capacitor, either 
[Effect of the Invention] 

This invention performs denitrification and desulfurization of exhaust gas that it is simultaneous and effectively by dry type 
completely according to a discharge chemistry operation of the corona discharge by the ultrashort pulse high voltage, without 
installation costs, such as a catalyst, a scrubber, and an electron beam, and running cost using the troublesome high equipment of 
maintenance. Therefore, there is also no corrosion of equipment, maintenance is also easy and an installation cost and riinning cost are 
cheap. Moreover, since denitrification and not only desulfurization but use of negative corona discharge can also perform electrostatic 
precipitation of ^e dust in exhaust gas within the same equipment, it is suitable. 

[Translation done.] 
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♦ NOTICES ♦ 

JPO and NCZPI axe not responsible for any 
daaages caused by the use of tliis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Drawing of longitudinal section of one example of the exhaust gas denitrification and a desulfurizing plant according [ Fig. 1 ] to this 
invention and Fi g. 2 are the cross-sectional view. Fig. 3 , the 4th drawing 4 Fig., Fi g. 5 , Fig. 6 (a). Fig. 6 (b), Figs. 7,8, and 9 , and 
drawing of longitudinal section of an example where **♦•*•*♦♦♦ this inventions differed are shown. Fig. 10 (a) and Fig. 10 (b) show 
the circuit system with which the high-pressure ultrashort pulse power sources used for this invention, respectively differed, and Fig, 
1 1 shows the voltage waveform obtained with these power sources. Fig. 1 2 shows one circuit system now [ of the high-pressure 
ultrashort pulse power source used for this invention ], and Fig. 13 shows the voltage waveform obtained by this. Figs, (a) 14 and 15 
show the circuit system with which another high-pressure ultrashort pulse power sources used for this invention differed, respectively. 
Fig. 14 (b) shows the circuit diagram of LC ladder mold energy are recording element. Fig. 16 (a). Fig. 16 (b), and Figs, (c) (d) 16, 16, 
and 1 6 (e) show installation / use gestalt from which it differed in the case of using it, installing the gas cleanup equipment by this 
invention in the network of a process, respectively. 

It is as follows when the name of the main elements in drawing is described. 

1 .... Casing 

2 .... Gas inlet 

3 .... Gas outlet 

4 .... Hopper 

5 .... Dust exhaust port 

6 6' .... A counterelectrode thru/or dust collecting electrode 
8 8' .... Corona discharge pole 

8a, 8a' .... Peaking discharge electrode 

1 3 5 1 ,1 22,123 .... Circuit changing switch 

1 5 .... Bias direct-current high voltage power supply 

16, 60, 60', 105 .... Coupling capacitor 

17.... Cable 

1 7 a....LC ladder mold energy are recording element 

1 8 .... High-pressure ultrashort pulse power source 
19 .... Gas passageway 

22 .... Ammonia insufflation opening 

23,156 .... Inlet-port duct 

33 34 .... Peaking coil 

35 .... Corona transmission line 

40 41 .... Hammering equipment 

48, 48', and 48" .... perpendicular ~ a conductor — ♦*♦* 3 electrode 
52 .... 2 ream circuit changing switch 

61,61*, and 6 1 " .... a line — the third electrode as a corona discharge pole 

81.110 .... Low voltage alternating current main power supply 

82.1 1 1 .... Step- up transformer 
83,1 18 .... Half wave rectifier 
85 .... ** style inductance 

86, 86a, 86a', 1 15,140,141 .... Tank capacitor 
89 .... Rotation spark switch 

95 .... Phase adjuster 

96 .... Synchronous electric machine 
99, 1 00, 1 1 6, 1 20 .... Thyristor 
101,112.... Full- wave-rectification machine 
102 .... Control signal section 

1 17 .... Resonance inductance 
124 .... Pulsing transformer 
140,141,140a, 140a' .... Inductance 

147 .... Suicidial-explosion mold fixed spark switch 

148 .... High voltage direct current power source 
1 5 1 , 1 52 .... Partial pressure resistance 

153 .... Sparking-voltage control section 

154 .... Control unit 

155,155* .... Gas cleanup equipment 

157 .... Agent feeding equipment 

158 .... Gas cooling tower 

159 .... After-treatment equipment 
160..-. Stack 

161,162,163 .... Settling chamber 
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164 .... Electrostatic precipitator 

165 .... Pre-treatment equipment 



[Translation done.] 
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«SSS<OiS^^(7);g3Lo30i (V2) LptHlffeU<»Cn 
Lo^ (1/2) Lp ( 2 ) 

S*fK:Lo< (1/2) LpO^linp:^^®.^ 
ii:^) %^^e5^cr>=iP:^^Sm3^J:t^L— mSS^ 

c>L«MS) oracc5^^if^t^iciigraig«a5>:cc^L3o 

5U©--^<D3P:^e3aS»K«r«fiR-r-5. COig^S^P 

50 3teSoraxo«c:f^<D*^»S-c*)^», 



(6) 
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( 3 ) 



3 n :^e3|jS!^5#fifi^ »)<!D > y ^ ^ > x L ^TtftCc 

8SKlliiSfic«:TSfe«:tf < < 

tin p t-&^cr)^*{cii < ^ip(r>A > :S^^ ^>:^mM 

t^f^mtmtLXhJ:l.K «TCCDfi|fcCr2P:f-ffic^g 
/cortt*fflJ:fp:S:50Hzt(±, U < »250H2«±CC 



^mmLXi>B:i.^ifi. -H»CCx;^jl.+--SSMS 
«:»^CCS^L/cLC^MlElK^OSMl4x4^jl.4^-- 

xu^^^:3l^7=:yD■^^'ftl^xts^mLxmmm^'<Ji^:^m 

50 SSag^/^Ur^^U. SS^S£l8®E3&«3tm^^TO<D 



13 

-f- ir-BK©-f > ^ri7 >;^{c J: o rilfS«©LcSME 

C TC ©afi!3i«l^«:l55t>r^7EmBE«:±SS 
It. ( 1 ) ©Epo^ •} <>?Si.'SIII6^i4fSII% 

g3K©H«:v<;l';^^E£©^f5I^tig^Xtt-?-tifeLh© 
=& *> -D *:fit>llfBEI^«^r- :ril/^©e^&eK5&1f A 
L-. — H^<jl/;^mff?rjitf«{cUrc©SK±*e«-l± 

L/«)/t±. -€■©$^^f3a:^msi^K:E^^J^■r■5<fc^«cL. 

l^. felTC©S^ce2ISSS*t»ai«ie3IBlKti.i5Ci 
«cfS. C©»i^e^K«:4i:SI3{cffl^>5=^a:^m 

«i**i^«;eK*i5-c*2, i #±ieafiaii6?&*j cT© 
mBsm^imi.^i>c t fe^:^?^©— o©!s®«:&-r. 

f 9^3R^*/J-L.-CS»awe3liSgS©A^1>--i?-f >f 
V » 1 / L C 

«:«lSK©g3Lstt/<il/;^©llJ*T <ns) i-rSi. 
Ls^vr (4) 

8SaSV©ffl^:V = 0.2m/nsir-5i. T=500ns©^«C 
i. 

*^©1$S*«:^S: ( 1 ) ©Epoi *) 

flWl^l?^*3®B#pa'p 6 =1 a :^mSlft©^ra(cJK 

-SrS^U. *'Xt*iCC^Sn502,H2(^©:»^<!:fS^© 
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•50H7 ^'^iU .0.03 .aiittB©S^*s J:Cf 02-^ >m<D 

J: o -cm^itMttai .sa2»so3 ,7Mill^»Si|:©Mf b 
ife8cie%{cK{fcSn. S^^caiRSil©**^^!^^^^:*- 

»D«>SCB©lS^7>*-T*fX. *yt7Ki^.»©Ji^^ 

■r *M^©*5cm<fc^6<jfPffl-c«^^ tf N02©:*caJ»*»fi? 
0. sa2»NH3<be^-eb*-c@«:©5gSS[fi^iE<b@ 
10 tA:?kSSi»»-E-©B{^©%3R<k^{c£fbS£-r 
•5Ci*«ffi3fe-5©-C. *';^)!P^N0x.SO2.*iK«P^3?©rf 

^K.mm<omifo-cjS(,>im • Bi«E^©:tf;^^b«!i*© 

■C. '^Sll£;FpIfi6€tU'<Jl'«-C®^*»niiO-C-e©x 

*;i'=r-*«u<±s-ifi/*. cn(cj:-,T:aa£©a% 

fi^riK^ • Ift5gRje€:StJ^;^^fcSf5^fi!cmfb^W 
SiS©iiS<tilx$«:^!Sa«i«:iSi±#b«>ff /cC <b «:* * 
©r*s. 

20 [|ISS{>9] 

m 1 @«*^W«:<fc-5**:^?^{b^g«:!^K:ff*'xjK 

H. 020(t-&iz>tter9ISI«rm-r. 1 »NQ)c,SQ2«r^ 
^;^©AD2.1BSE • BiliSf*©**;^©ttn3.* -^-'<-4. i*" 

yT?*S. *©rtSB«c^PB-CgSi6i*4gtt¥tf««*f 

lSlSSS©«PaK:«Mti2S?n«Jg«^3£^af7 tc 
3^^3nfciK<^©3Ci:^tt««SP83Si*S. 

i2«cj:»)3£^5nr. :^J:»)»i»3tir«,»S. ^3ttt 
12©— --»5^i3*:^u. *{?j©ia-c»igK:^ 

EE®Bi5©iEetsa*as?-<!:«iKsn, 

miKi8©iE©tti:^jSj§T-tcSiK3n-ct»5. c©^%'ju;^s 
asi8©^-rsffiH>'>.»i/;^iismffi«. -E-©/<;b;^©^ffi 

ll3Tp*S500nslitTT-5-©j^ffi[liEVp*S?t^{CA^ < . 
40 is-'-! -fr;^ liBEvb<bSg-tt-2>:^2Sfiftfii^EE (Vp+Vb) 
*iSC (1) -C#^6nSEpoJ:0«>^»;*:tfi»ffi8t«WF 
i^fS^S*#i{.r2|E^©Sfr*^^«ciSSl* 

B*JBfiSU-C*J»). Uyc*Jr>-Cgn9fBEI5ltt^r-yjH7{t 

■txt,cm^fc'9^mmBmm'&(o'^mi>§khx\,^^. rnc 

*>%^iS-5r-:r;H7©g3LsttS; (4) ?:?ilfc-r«3t 
^<<t-5T*4. i>SE«jS:^-<f9^i3%S«c!9:A-r4 
<t. >'-«-^T;^ii:sssBE^aais*5Wf);Si3n. g3@li^)E>'^• 
50 J^xsiSl8oa:*mJEA^i^^^>5=>■y■-l&fe/^3r«: 
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NQx.S02^^tf:^*;^6JAP2<tDiiA. >'XjU22 
i 0 tl/cNQx,S02(D^tfi±-5 fcOiik^ftiC^ 

TOmS TfC-e CD:;^SB»3&5N2 <!: H20K:^3^^ U . S02«S{t 
0 <DStifflSSSa^«:^*x tcl^ltB S tir :^7:^ tBP 3 tc^ 
©eSiiett0.2m/ns,>'S;l/>^rl3 500ns. Lfcifi->Xf^^ 

m&m§i^tLX(D^ (4) cD^ff^ffi/cr. -^©s 

*«?ak:*>H:f^np:fm@3^«rt3500ns<D>'>*Ji/:^mE 

4<Di^^g'r=I^:^ffimgaf8<h?^^SJmsaF6.6' coracc 

±^*ie>RlR8l[i LTTk .NaOH • Na2C03 - CaOH • CaCD^ 

?&orffi±^jeT-if i/i?)rsa^^{^0. N02.so^o^ 40 

S*^Stti5r-i^>y€:^ia/cMi|[©nglt^[fiJ^25 . 
K«SSIgCDfflaRffiia'C*-5o S«:4dC:f^>2<fc»)i7(cM'S 
iUxmiSis.r >^^TgS2o.imiiA^^'-< ::^2i,aA>' so 
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XJ\^22\t^^LXmi^tlXi.^rj:\,>. Tly^=^Tii7.^W^ 
j!jn©CD%:^*;^AP2 J: 0SA$ti/cNQx.SO2^^tp:«7X 
«^-e/> y%gtfc/cRfSt)?»ffil^25tDrtSK>:</;^iS 

ffii9^±#*cc 3 p :^fi!tmg 8 J: 0 2 5CcrS]Ctr*t*'SiE 
^^mxmk • KSeSJS^^T //::^fflP3J:»)J1'» 

(CgftbSn^^o CCD^^CC«>T>^^7riAOf^0CCR 
1St^tMTfiimS25(DF*3M±CChK32 »S03^jSj£ 

Bxo^#. ie«o=io:^aiissf8*±:SFT«±giGm 

H^2e«:|ai»3E^$ n/c±SMc^3t^(*27tc@£ u . 

MW2^i^m&2^it\.xm&mssk \j xn^x^tL^m^ 

^IH. »2HW:*jCt^cnm©r'<TCDSIR (7^ 

r3^j:toi^«3S;^ ^l3^/hbr3aii2cfc 0 
>5r-- 1 F^^c^iAt^/cgS>^^V^X]SmaE<D^^2M&i± 
gC*^3t^^»27^/hUTS3*5j6rn©-r-<r<D«gtt3 O 

:^ft^ap8^c»i2$n. ^m^-fs^^yn^mi't 

^:cori^ig{ii*5$^2f&cc:HJ^±35>5r,. fc:--+>i:/^ir 

:^(cfSj-:)rii?f L-:>oj5j3n*i^©ra?^:*j&:x h »; -v- 
t«<DiE=3P:^ftm:^iT'5o ^O^m^SenKDftnp:^ 
&^S3^^-^cr>^{*K:S[-pr^>:c]E=^p:^^S^^^l;T 

IE^P:^]K^«:ct-5^g^Sg^cD^lg^*^^Ll^©r. 

i>^f£<. ]i?^±:gl^6'-l0rr^acc4t^$^?^J:li<b=^P:^ 

-5. Lfcifi-yxi^oiyT.irfmr^^kt. zjwrmm 

1 ^JL^dcmSi LXC CDSS^JCIll O^J&O =1 P 
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Sfe©?rEgL. ^a^?:g< ^5-2.^*^^4, ^9 
i&C ©ig^KlJ^eni-Jr - > 1 (DfflSKiawia 

*trsci«:j:»3. ±fa^SPa»^fi«:if^?,n/cm 
i^fiiS ^ *it: 3 o 8 ©SEtto^SEi^r © 

-Cg«KS8 tut). ■e©]IS|J«:2&®«:^y<;U>^mEE© 
S^Cofcfc©<h^d:S. Sfcir-:/jH7€:Si< L/fcO=&B5 
^Si^o:^ttSig©aE^^«JbieiiStt^^«:. -&© 

^50«^l©^>'^•;^;^ii^^lI^:ffi^,^ -e-©^gLo*i 
^ (2) ©^«:?@J£-r.S«|ia:SC»-*©^t^=iD:^iS 

^8imtri>mmmmmm6.e^ ©tfraKj^y-tf 30 
s?:tft>L««>s:»5s:©*»i9scj:sifi/;^Biiii . mm 

tf i^«©St,>*^Jgg§Jfe©3 o±fciM«8S35«:3gfijSr4 i 
^(c^«l^S©S»i«i%D(Ot:c> 

ssKssaf 35»A:ti^36©±:^-c cti^tm^^s nfc^E 

{C. fe^3>7*>t»--i6.igBE^I4^r-7';H7?:/M, 
r. 0{c^*^$t^r^,>^c^>iSEgs-'^■^^;^s®lB©©© 
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3S«:{3:^^ft©eSI^'«-fT;!^S5SBE36iEn»D$n, Ctl«c 

Xir—»ifl ©rt^Ccji A. ftffl^»374:/f I, -c^ie 
S n A:© o :^£ailfilK35©A*JS36{CE|l»n S ti. 

35©±*5i^En39©:«r(«i](ci^e/-!f i'ttKjMf u-oo:r=i a 
^-fi!(^*±S«:*>fc -5 r^. ^©as<k^f^fflT^a{) 
r>*-T*^An©©%An2 J:b^r-i/>y 1 rtJcji 

?:*^*afc^lgggf6.6' ©aS«C}im$n-S. C©fgS02 

Aiso3K:M{k$n. ll«:NH3<b^^L-c^Ofc5SSa&^ 
«>R«l<c«^5f^ffi«: J: •} 6,6' ©aM(c}iSIS ti 
■5. Lyt*ior^SfiSS?6,6' «:fflfjS?®40Ccj:Da 

«:mTL> *?»^-!-4rtK:SWSni. C©tB^«^e 

mu. 3D±&s4«i$o-riMisi*s*4©t?sii©fflrri^ 

NQx.sazte iu^i/'x h 

y i^'Ni^**!*. ftef4©iiffig^<Jl/Xj«^«iEg 
14©-etitcH:'<7:Sfira«:«»S-r*««:SC>;?i h U— v 
-t^©nD:hft^«:^-lfr/ => a:^]S5t^B=ia:f-as 
S©iafilMiStcKSSns. Lfc*Jot:*':^ii»«3a 
:^&SMJS*>6*fl^amS{c^pIorffi*^•S*St^©:ft'f * 
>©*CcSlsn. iE©xh • 3 0:f©:g|k:*':^ 

srtti!/;i^fflJS©a«^tS-p3^;^ H4^^©ft-f*>« 

ilS'SrKcia Li&2A:it>CC»d©@^/NVI/;^i€SfiS«ffit>> 

i><LtifiyFo]^<O^^X^i>, L3!pL±i^©*P<a=»n 
:^*5=^o^■St^g©iafi^^©*{c^fS^tlS©■C (1) 

*©^«rt-cL*>jKK • jK5fc&s?f tonr. sra©jFUffl3a 

■5. (2) *yt3o:^^D^a«:#5^}•yi:W. =ia:^ftm 
«Bmttg^»)©x*il'¥-rMift*ii!><. =io:^ft««c# 
^ffi^^^•;^;^il5^©^^SP©^^^i*^IE''^■J^;^«:Jt'^-c 
«©K:i!><:te4. gis^^>i=>P:^•e^l^gS±©3P:^ 
J5«:^Rlfig&^S*sS<fe-5. hlfil, (1) . 

( 2 ) <Di^mt.!sm • im^±^m<o^mMm^ms^x 

3t:M-c W^;^ 7 9^i3€rS«:iS: At" -5. i :g©-'^' T ;^ 

mrnir- ■:fjVuiPh»smmkm»37i:ftLX& aui- 
Gaill8835«CEnfll3ti. ■t©±«:^i^f^K-'^V^>CiS«Ei 
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^3n:^jS5«fiiaS42*s^JS3a*^7 tc@^-lf^^±T<D 
tcSBS^S'l^'^^ 3:*:<D|gt^=3 D:^SSc^g8 OSt^JS^^ 

tifc<Dif^ fE>m. m2 S45ttras<3D±T<07k¥3t^«^ 

43' ,44' (^^^^^24:(Dmmm^6mtK:^i:i±tSL 

mfis' , ^3ia46«±Trffi^ja32. 29{csgS5@£-i± 

i±igrg^ia33' ,34' cc<i:D7k^3£f#^»44i4 30 
< . &C/43' <^:^D:^&li®8' <D±mi!)mmt^ ti^ 
ci{cj:r)42.45.46(DSr©3j>5ia3?tJSi^^nr. A:^S36 
J: 0 iK^g47(cf^a or 3 gp^cctf-- >f > f-- 

titci: 0 n p :^SS^:^tc J: o r ?g]SSa€:i^a U /ciltfig/>' 

cr*^»o /c/cor>^^T<DgS2o,iiA^>vi/X2i.a 40 
A>X;U22.^#;^-/ --/^i3«:oj&*i-5>SS£-<>:$^:57^ 

igff I^I^^-:/;i'i7 ,^i^ffSS>'^";^>^^i!|il8{i^K S ti 

»6H <b) {tmem (a) CC*jl,»r363?»JiS«i3P:^ 
Sc^SSt^ril^Xii DT f - ^ > ^^tf ^ 0 «: 3 d 
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N-ju;^ iijMfficDEntti^cc-eo fc' - > ^^mm(c^7 ^ 

^iUrSUrt^^, C<D8l>inP:^jR^S8a,8a' 
flC«-^S»flO«a!SCfafiEttSS6H (a) <DH-»^ 

ommo^titmcxi}^. w^m(fC^i^x\m^-o 

y ^ ^ >;:^l4.iEO^< r xefi£iSE^®i5,iEcDlgffe 
^^SmSa i*=IP:^»=mS472iafCtl6<DMffll©- 

*t(D*hS]mS6.6' ^fc-^r=ms^r^P:^mS3^^« 

g47^*fe/c^J13tl^^7 (OtBB^Mii^^ttaf48.4 

8' .48- otpratc. ,st^=lP:^ss(me8.8' 3&icn<L^ 

7K^^^ft2 7 , 28^Sj1T ^m'^TL, 49 . 50Sa^27CC@ 

m^tift±ssm^32(^^^xmssmm^ti. i)^r>mm 
ms^33^ ^^^xmmim^tix-^(o&i^i^mtk<o 

:3P:^mHmS48-48' ,48' -48* SO'— *f<0*ff^m 
S6.6' iCDPBltC4<i(DS?^}^3P:^e2l*g?S*JI5^0. 
C n 675>^3fe^JS^$ ti;rc-o(D =1 P :^e^lSffi35^JB^ 
^3m«s7tt3£ai2.^S58,x-^-y^5i. 

(Dn<omti^^(fcmmirix^K^ . ^(o^coj^-ir^sm. 
«:^urnp:^]SJc^S8«:feEnJnsnr(,^s. i^steiS 

^TcHfEElHllfi -ir - r^;l/17C0^[:^la 56<!: 5 5 53 

^52:te<i:c;^^57,58^/^or«^&$n/ce 
^>r^•;^;^igmBEO:. :»i2fflft3l^»37Rafi^J|l5:Si2* 
/M> TS t ^ n p 8 <OKti^3^t^m-^n 7 (O 

2EiiS59r^ocBfr^^miT^®i4rEn»n$n. ;^c^r8 

-48,8- 48' .8-6.8-6' TiP^^-SM^^Jp P:^e3ag 

;J:C*r8' -48' ,8' -48* .8' -6.8' -6' ^ 

^ffiUreiSb. ^(OraK:±iLT8<l:0 48,48' . 
^/c8' <fcD48' .48' CC^6J•or^^J:©=ID:^&^;^ 

>«//;:«iiigscc/'? T7.mm'msMmi5<mmxi& 
^$nrci^ii:ssm»ccKiFfflr*tisi^@6.6' "^KbiEti 

5^Lrcti*©CC?w@l/. :J'-P>;?7(Df^JB-caiSS* 

3C)>*a/c>i*rsjm®6,6' ijc^^^a-r-s. c(D-fi^(m 
®»#rIP:^S3m®47^ffll>rci-53rca^). cnipp 

:^&^8,8' <5:<DffilS^^»/h$<a^r#, mBE.m 
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fe^=i>r>if-6o' ,6o^/M^rs«57,58«:Epan3n 

^©r. aiSBESJS^>Vi/>^«iSi8ia6iS<D'i:«3&5^<3^ lo 
mgsi.ei' .61- J: ?) 3 D :^0^mg62^±T<^)* 

¥3:}t^»27,28;C@S5SS50rffll^ 61-61' ,61' - 

SL" ©ttira{c|ltt(D=ici:^SWIffi8,8' «±:&{c*5i>r 20 
«±gp*¥3^tt27^M3lT'5)5f^3i.3i' . t:&cc 

S{J^ffi^*il^{*37«:Sg£$ n5f ©38.^,S57.:3IW 

^52^/^LTiteafe^tl/clSff^^^•;^x^agl8 
<ojE<oa:t?«g?'Cc«j^ ^ n/ciSFEEi^tt^ - ^jH7<D-c>ja 

ffi(c*5iir^3ttti2 ,^iS58.;^ ^ ^ ^5i,SijS-<>i$^ 
4? >Xi4^:n^Lr TXitS£lif£EmaSi5flOiE<Dai:^ 

a^ig^sn. jEtc^^sx-Y^^^52^^Lr±a 30 
lijjE 1^14 ^ :/;i'i7<Difis^ s n fcmii9^s. ssffcmm ? n 

rc^S. L/c*s•:>r«tt=3C^:^&^8.8' {C«S^tJ 
lSStS54*/Myr. iS^«=I^:^»=^6l.6l' ,6^ t 
mm^. g^fl&*frfi3ilS6,6' tc*tLriEo[)>'^VT;^E^S 

EE:^8,8' ^61,61' ,61" tci^bnESttiT-SiP^S 

tt^fcornp:^ftmg8.8' ccaiSn^n^o 
rejsrssg-cssrei.ei' ^^es^crDjoT. ^ttce 

1' .61" ^^6 8' CcrSjoTg©;^ h 'J-v~tX=in:^a 40 
ifiior. $A:8' 35Pe>eL' .61' Rc/s.e' (crpi^T?S:^3 
SP^2ftC/ziD:fJ5cliS8,8' i*ffSj^@6.6' P^cO;^'>;il 
8,8- CDg3«J5j6mT, T«3&^f-^>^f^^<D^^§3 
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<Df«L*.». ( 1 ) m=^61,6l' .61' 3&=»6Q5t|gfi3 

(2) C©;^H;-^-t*:5t^np:^S5cm«:j:i 
SSiaSI<b5fe«i»fPfflCc<fc 0^a&M3P:t-mgfa3ac/^ 
::^jlKi9(cmT^d5^$ti, -?'0±nP:^&^8.8' 
3tt€l*-Cf*SL/c:&ap:h:;^ h 8.8' CDiu 

8' :<pe>iE-r-&iEcox h V -'7-ziai'tStmimit>X^ 

S<^:iE<0>'^VT;^[i:S&]SmEE*i8.8' .61.61' .61' CCEfl 

g^>'^Vl/;:^^i^^EEE^ttJ^^c*5t:f-S8.8' 3CP66.6' 
->^CDiE<30X h y-v-nP:^amcDiiM*^ii^O. 

Hecfcc»r63,64«n-enjejg»fffi^W'r-5« 

^2*:J:DfiS-5>mcDrai^■^f^mS-C. ^n-eti±T^ 
tc*5Cir^-ix>^ 1 <D^#65Cc@^3t^/c:Ifi6^i■^ 

»^Wr^3a*?if^66,67,*¥tr-A9CC@^$tX/c- 

^nrite»5SS5$nrti^o -eLr63,64<D^<D^S7 

0-71.72-73ttT«sCC4QC>Tg^^m74.75«:J: D 

St>Ccg^$nr*5ti. c*i(c<fcD63.64«ii:^J18iK$ 

^ Ur-e©A:t?8g79«^76. 77.1©^ 7 ]gEE|5l 
W^r - :/;H7©.C«56Rc;sa 3 n/cStt^1-K55«:«iK 

cnccJ:-^rs^^Igs^^•;l/>^m^^^l8CcgM$nr 
Ci-So Ci^±ieA^^^79CcE^l^^3n/cSS/^•J^>^^s^BE 
ttiiffiSi urz:s6•^^mS63fl!>z: :*:<D*«7o.7icc 
79-:>TT:&{cefiSb. ^^(.ir74.75*/^bT:rs6^±^ 

^64(Z)TSiC^ . ^©^la 72 . 73tC?Q T _b:&tce 

SO; ^©ra&»*S8otcM«3. cc-r^ssf^tire- 

^:^^m=Tt>tli>^ C<DlfK:63CD^70,7XRC/64<D^ 

iii72 , 73©±»cc?&o xm:ts(ommtf^h^^mSi^^r, 

SFmsn^o 40.40' «^#6(C<tO':?C:t/cffi}TS^S 

^mrmmdc^-oxTyfOTt-vJ^-A^nTitL^. m 

taps J:0^1'gBK:9fttiT-5o >t:«^<^ii«WS^ 

tt=IP:^ffir^/c^nm6-l^^^s^ffifflb/cc ir. 

-r^ica-c/cjp^^ri P:^ iiE=i P:^CDffiHfl«Jfflmf^« 
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ffifa84,SSg-r > y ^ ^>X85*/hLr ^ > ^ n >x> 
t^-86S::&(Dl50KV{C3ft^r^. C » > ri > 

g[^>^=i>7=>1f-S6CD-ffii, iSfflSltter-::/;!/!? 
j/cTEPL-^ 5^89CD:^i6*i^^^n/clEllg^90«:9(gco 

nSL^ *> -3 r 11^3 tl/clEl^7E^91. 92 . 93 . 94«ti 
rJtX 87 . 88*^ e> 5fe^CDiiPiS®S o S'*^ o r *5 

©IhI^Tc;^ ^ ^ 89«. sqS©^ o r ffig^ ti 

7HmS87,8»!i^6^PiLr*5«3. ^tciSES^^OD^Xco 
^F1^^i^JU, L fci)^ -y r^BES!ES82<3DIi;XlW3JSmBE 

R8raf^Jcr.*f(DlpIK;;c7EmS9i- 93.92 - 94CDCi-^ti;&^ 
— Jt3&5JlIi<X«:@S;;c7Emffi87,88CcSia Lnm.^^ 
$-^^«CC{i»aiiSS95<D{^ffl-rfit*&SEE<Dffi#H. L/c 

ipisfit§^©i@isn/ci^i^ms«96j:0^^. 30 

ti3S0iE^?E>^-<^7^893&i^7E{Cj:O:^>T'5<?:. t>> 
^ n > 7=>1f- 8ecD5feM^aE2!^l^^'!r - ::/;H70t^- 

;^K« • itt«^a97rt(cA0 . ^8?>ft<Diag£^^-<r>^iB 

EE^aSisCC J: D ^Sfe 5^ ^ ^ > ;^ 14^:^^ U T A <0^ ^• 
o t^fiimeo: 0 «^ n D :f-e3l«»35«:Hlttl? 

ti. em-mm^ mmim^^f ^ . 4o 
mxcm (b) ti^ioa (a) ©Mr. iss^iim^mm 

^tv^ »;;^a?-99,io(xz)$oaift-^io2^^c^Tmios 
(a) tmmv$>2>. *fi^r«3ii&£«E«:[gSB0r-e 

<Dmim<o^^rj:imm!^.xi^^it^ V >^ ^-99.100 

L/2i)'5. *8aME-^iO25Pe)«MCC2SaiD3*^Urj50<r) 50 
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t596CDl5iefitB^$!j®Lr. y;^^- 99. 100*5^ > 

8^ @(BAc7B«S9l-9^^»!8PSbr C»r jfcTES:*^ 
-a-r. lf >r »;;^^-99.ioc»&s:t:7ttJS<3C)^k:cr);5^±f2j;c 

mnBU^ioBI (a) . (b) <D=in:^£i|g||iS35<b 

BEvd«:ft<DSS^^o^ xB^BE^JSSiwccSfi b/c 4><0 i 
:^cC^. L/cT&ioT (vd+vp) 3&5Mmgr^0D**;^jiffi«:J]n 

^ r ::^itfi^^^EK: J: 0 jlfficcii[SS^W3&^?¥SE-r 

-S. l04«li^EEffi^>^v^;:^m®r^fflEim^S8l,SE^ff 
S82 .MiffiSdSSir)i.?J^ffiei84 >f>^^:5?>:?^8 

•9— 105 .igastsios .sap@5eiA:^Emeio7<b«ift $ n 

?tllKT'89±«:^ »3 ot:t6ti/ci4<icoi5iSjA:7b^S9i,9 

2 . 93 , 94 ,-e<D|g«fcffll^»8mSbg96 .^©afflPBIS95R 

C/^©*«fflim-^SBi083&sS/TK(Din<^iS. ffiS$n/cfc 

a«iSiio.SEa!IISiii,MiK»a£Sii2 .SS^tSru . 

SiSi-<>^S^'^^>:^rL4.4?>i5^r2>7'>-*f-xL5,if-/ 

gaoa,::^^ 5^ f-«^iie©Sflai«-^i08,^*lira^ >y 

>xia9.samBEU'fe--' yxt$?-x-r --^^120, 

'e<D$a®M#SPl08,120CD^^!Sl2l,^?3#;^-/ 5r ^122 

R^:/l23,SBE«^^vl/x^gl24/^$ j^«^>f > a? 

>Xl25,lSff«ai26,127,X28RafSi6««129,ffl:^iS 
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itfcjur::^ • ^^vi/::^]S)E^i09t3oa:«g^i3o,i3ii* 
ij^Jn< SA^ nTC»-5«Ftt.^N-ji/;^^gi24«i^0tBI 10 

5 ^ > ^ n >7=>-?f - nscDJEcDiSffiiifmflE*^ 
> ;^<B L o^mffl y ^ r> > :^ 117 .^|gi26R«:f 12 

7.«SI>r >y^^ !>>Xl25,ffi:^igT-130,132B:C/^^l2 

9.m:^ffi^i3iRc;i33^^L, M«:'Jr-::r;H7«r/rur 

• mitm&97(o:jt ai-tmmms t»mw&ms, 20 
+ v^$Tii7<D L <!: a i ©fissftcc J: o x^^m^r 

Sns.ffiS > >xii9*:rt^L r ^ > ^ =3 >f^> 
1^-ll5<DCoCC|^i]-pT}!&^l/. CCD-^^CDSgrrin 

:^a^af8<^:*^IoIli^6,6' (om^ic^om^L^a 
-csas ^» rtroEciSnSffivpoCDiE©^^ r >^ larm 
EjCf^Epjia^n^e {Bu@ffi«5fecD/ces?)i^ccaTi3o,i3i 30 
p^cc»iis/hmEEvr^giaL, cn^S5cgr-5>«!:. cn 

3&5«SLr L<!:a(c<^:^a^giiS6@^^;ir5^a^t3^c< fjcscD 
~^^(^)*^ 0 10»5)^ 6 h y -(1-^*1^136^^ 

^i22.i23^^n-e'ns*f:^rsjcci5tA-r-2)<b. ccDi;-b 
»;;^^-;;^-^-^5^i2o:i&5^^30S$ti. ^'^Vb^^ 

<07.^)v^ »J >^137«:^UT«t6^n:ft@KT^fl:90 

(Dii':jn3{p:ds@©Ac?E^io7(cgfior;/c7E^^G. 
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-<>f-:$^>;^2o (=R) ^StUrSc^L. -eO^CR 

;^ig^3&iiitf&iL/r^-:/jH7±«:;&«:efSU. *^ 
ftffl'c±i5>''« r :^ <Dasg{Svpoccmi3S 

:&^*^To 0tcfcCir6<fcDiO6{cM-5>SS(O«Siv«b 
.atB^i»ioa ( a ) . ( b ) (c*5C:f Sig-S^<Di!^<D 

BEI^a^-y;H7e#^i^fflLT3;^ hffiS€r«3{Por 

r^^-rs. ^X«cS[a?BEigtt^--:/-'i'i7to-C^SISIffl:ftS 
i42CcS^i43^:^uriplW^7E:^ -.^ ^89*5gfg$nr 
*5 0. Cti3Cr5:t>r-5<hf^f4^-:/;H7cr)3fe^flE3&5il3 

^^fc^AT-S <bH«;A:?HmSi44.i45*sa^<D@S 
V ^i47^«^Lffitai39<b|ga^-::^JH7CD» 

0. @s>'^•;^;^ii^^ff:{)^97(D^ep^ccfia&snK^ga^^«^ 
'c-en«±maartg8K:iiAr-sc<i:rj:<ss*3n, «t 

-:/iH7^fflCiri>^;C>i. -ecD«;*3Cc^i4H (b) (c?R 
■r«lK:86a.86a' " i -O^d^ 140a, 140a' -^ft 
^CCSigSbr^S. LG»T^x;^;l.=i^-SaillRl7a 

^i47^fflc>/cfc(DT*So ^t^msy/MjEcommmm. 

Cc<i:D?a^JgCi84. SSfe>r>yd^a'>;^i40fcJ:i:^i4^ 
T'>1f -ios^H^<Dffitt"Cvo+ vbCD^Etc^^ S n 
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:*;:i6mfi<?:J^cC0. ffe^i^co^TiscHJ- (vb+vb) 

BWjot)^, ;?c<DBran>f=>-y--io5;&5aisi48ii5k: 

cfc 0 105OPmSS<t 84Cr>g!ArS* 

S<»:^j:-5«K:^7Emgi46^fE}^b]rcSffaii54^±*«c 

*5o I^H (a) ^JJEC0>'^';^^^g^^ffiCi/c^:^l5 
SlRPjaAiiai57*gC:f/cfcCDr&^. IHia (b) 
Md^:7-f;U5r-., ^CiLN02. S02^* 

^^r^-^o (c) «H<lCD«Smi61,162,163<l: 

0 fiS ^mm^^i64<D±sfefflijaiiiSifii<t . ap ^ ^ 
fcor. 155.155' cc«-en-etliE©ss-'^•J^:5^itI^BE 

«rffll>r^li^aB$PBlrt(cK5gMiffi^(D;^'>^?^fbJSlS^ 40 

«SSl62. 163-C«»aifi-r^fc©jC*<Bo (d> 
«ia (c) 'C-r'^romSMl61'-163tC:g<D|^7S;l/>^ 

'5*fi<!:^eft>if?f ^feOr^)-So loIS (e) (iSE^RO 

m«*flaiB^iiS^j:«»ri!^ssaa65<D&t 
tc*«?B«:<fc-5*'x»fl^fii55*i ») oc:f :ftfe<D-c* 

^- 50 
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S^aTHljfin-r -5 C i CC i D SliS u r *> J: C i fc^ ^ * 

SIBt^iS < «g=<Dffi®?&:^*flaci -5 c i & < . ^± 
CcK^ffiS/sjl/;:^iSmBECC<fc ^ n P :^^*«C!:)&«^b^ 

40. ^5H. ^60 (a) . (b) . ^im. 

^gosiKMs^Tn-ro %-\m ( a ) . nios ( b > 

n^^WEiejB^^r. ^40 (a) ^^Z^fSimkt^ti 

ms-i^^TTk-r, 0140 (b) tiLG»TMx^ji.+---s 

Si!*<D@880*7S'ro ^60 (a) . HIGH (b) . 

mi€0 (c) . 0160 (d) . ^^umim (e) 

-To 

1 

2 :^/:^AP 

3 ij:^mn 

4 3i^^y^•— 

5 ^xhnma 

6,6' M[^mWj:l^iyM^ 

8,8' =ia:^SfcmS 

8a.8a' f- + >4^&Sg 

13,51,122.123 

15 ^^-(t:^W&1^SMM 

16,60.60' ,105 IS'&3>f^>1f— 

17 i5r-:/;U 

17a LCSH^Mx^;l.^--SS®^ 

18 ?liEES5S>'^Vl/>^^ag 

19- ;^';^3l3S 

22 T>^-T:</;^iiAa 
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23,156' AD^^ h 

33,34 t- + >^n>riU 

35 ^tii-^m^ 

40.41- fiSTSIS 

48,48' .48- Slt^(«tm=:^ 

52 — a^X-f 

61.61' ,61' Stt3 0:^fflC«ffiiLr<DmH«ffi 

81. na {ffiEXfi^mS 

82, 111- ^EE^S 

83,118 ^isanflgs 

85 Sfi£-r>3^:5':Sf>;^ 

86,86a,86a' ,115, 140,141- ^ =i>'r>-!f 

89- @lfcA:7t::^-f 

95 fiitB^S 

96 mmmbs 

99,100.116.120- 

101,112" 
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* 102 Sflaifi^gP 

117 ^^>^^^:y:^ 

124 ^N';l/;^^flES 

140,141,140a,140a' 

147 smm^sjm:^ 

148 RffitSfe^S 

151.152 »£ESfa 

153 tfOBrnK^msi 

154 mr^ 

10 155.155' is:^mms 

157 mflnffJiSA^s 

158 

159- gSaSJIg 

160- 7.^v^ 

161,162.163 mmM 

164 m^ssig 

s 165 mfs^^s 
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